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Agricultural biotechnologyefers to a range oftoelsincluding genetic engineeringand some Analyst in Agricultural
conventional breeding techniqueto genetically modify living plants, animals, microbes, and Policy

other organisms faxgriculturaluses (e.g., food, feed, fiber). The termcommonly refers to

recombinant DNA techniques thatintroduce desired characteristics into target organisms,

predominantly pestand herbicide resistancein crops. It also encompasses a range ofmew

editing technologies (e.g., CRISRRs9) that manipulate genetic material at precise locations i

the genome. Mogienetically engineered (GRyricultural products arops—inthe United States, the oi@Eanimals
currentlyapproved for human consutign are the AquAdvantage salmon and the GalSafe pig.

March 29, 2021

When foods containing GE ingredients were first introduced in the 1990s, some members ofthe public called for banning
thembased on concerns abibigirpotentiato harmhuman healtn terms of théealth and safetyf the people consuming
them, esearchiepeatedijnas found no difference between foods developed with and without genetic engireenngjo,

some consumers remain concerned aboutgenetic engineering, citing health, personalg@esfeiemmnentaleconomic

and other objectioné\s such, the views of the sctdic community, consumerfarmers and ranchei@nd the organic
industryon the safety, utility, and ethics of agricultural biotechnology do notalways overlap. Societyestt debate

these issues, and numerous advocacy and trade organizations promote various sides of the debate.

In the United States, threefederal agencies share responsibility for regulating the products of agricultural biotechnology
within a regulatory systeastablished in 198&nown as the Coordinated FramewMkthin this framework, the U.S.
Department of Agriculture (USDA), Food and Drug Administration (FDA), and Environmental Protection Agency (EPA)
regulate the marketing and errimental release afyriculturabiotechnology products under stasithat predate the
invention of modern biotechnology.

Within the Coordinated Framewoik,S DA’ s A n i mHehlthlaspedtiorPSerxiae (APHISNd Food Safety

Inspection Service (FS)8ach have authorities for aspects of the regulation of agricultural biotechnology products. APHIS
authoritiederiveprimarily from thePlant Protection Act (PPA U.S.C. §701et seq), Animal Health Protection Act

(AHPA,7 U.S.C. 88301 et sggand \tus-SerumToxin Act (VSTA, 21 U.S.C. §151 et segFSIS authorities derive from
theFederal Meat Inspection Act (FMI&1 U.S.C. 8601 et sggPoultry Prodcts Inspection Act (PPIR1U.S.C. 8451 et

seq), and Egg Products Inspection Act (EP2A U.SC. 81031 et se)j FDA authorities derive fromthieederal Food,

Drug, and Cosmetic Act (FFDCR1 U.S.C. 8301 et sé@ndPublic Health Service Act (PHSA, 42 U.S.C. 8201 etseq.).
EPA authorities derive fromthigederal Insecticide, Fungicide, and Rodbdohe Act (FIFRA 7 U.S.C. 8136 et s€ex.

With theenactmenbfthe National Bioengineered Food Disclosure Stan@atkd114216) in 2016, and the subsequent
regulatonp r omul gated by USDA’s Agr i c uhitedSiatejpineloveréOaatianag Ser v i
require some formof GE labeling. Additional voluntary public and private labeling schemess gpradtimers thatlabeled

food products do not cornteGE foods or food ingredientsrtheyare produced with practices that exclude genetic

engineering.

Disparate global views, consumer acceptance, and legal requirements with respectto agricultural biotechnology and its
products have raised global trambencernsTheUnited Stateis a leading cultivator of GE crops, andnket access for
agricultural biotechnology products is a major U.S. trade objedtindlethe policies o§ome globaltrading partners

support access to biotechnology produeteercountries  p o poseahadlemgeo achieving tis objective.

Public debate aroundjdcultural biotechnologincludes topics such @s place in the U.S. food system, globalfood
security, globaltrade, and other matters. Emerging igbagsay beofinterest to Congregsclude theongoing efficacy of
the Coordinated Frameworghallenges and opportunities of new genetic engineering techntineé&beling of foods to
distinguish between GE and n@f productsglobal trade concerns; and potergiaVironmental concerns
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Agricultural Biotechnology: Overview, Regulation, and Selected Policy Issues

Introduction

People have been changing ®Ddmomrtes ,t hami nal, s0,0 0Oa nyde a
After agribultdaeveltbpthaeani{ondl ffaorImlionwge dp rbayc t i ¢ e s
conventiomaldi hhitdde algaohohppgi o wed people to s ha:
charactegrstsugsaowibdfd 1 ncr e aRseicnegn tp raedcviasnicoens i n ge n
enginpermagenodi sntsr odu-eien oar sei mpeptae® sgeeinfaiicc s 1 n

or gamiasimsed for food, fiber,Thpchhaarnngaicneguhthiacnadls,c aopre
increased interest in the development and regul
The Unitedwdrdslh®dedi ng ¢glehteitviatadd FBdernogpisn,eer ed (
accounting @{l8mMi hlciacalfya Gdt&@al)corpe s pl antTehde wor 1 dwi d
vast majority of these crroocpess saerde fcooomirEch daimtei easn idnes
are also noncosmmolliraayt GEbddoeopes gaglr incoGHe tr vorpa 1
prodeathadmon and enzymes Tuhseea @ iorf fhaiesd eprhonod ogiy
predicted lteo agnrdo ws cionp es,c aw p t lat ireasiw at gyrpiecsu, | taunrda 1
met hodologires employed.

In the Unhted fSd dasrchsal,r catgreenscpemss i bphriotdpwcfior ofegul
agrichildtwmaahnrod gagrlyy t sitydshataesma nge d [ it tle since it
estabiln slIf®&6nt i fic 1 evitehveps o dfuctrh eh vsnmabhfaevtbye aolft h
repeatedly found no d-4GEf p r eRdeavei tebwest woefe ne nGvEi raonndm ent
safetbecmvlee s sPuddnoenlcuesritvicea badtet y and sdesirabildi
anadgricultural products persist

Agircul t ur al cboinotsienculbreplooccg yo f punb 1 w1 ¢pd digne &kt hSe,

f ood sgylsotbearh, food se¢candtygtEmbomakbk gtessdacl ude
challengesitanas wepthpeotritcu ne n g i n e ¢ thlieanbgeoltfieanaghlas i ques ar
distinguish b«GtEwepe oTdlGiEst aygmrelgpwmindne s an over view of
biotechnolboigoyt,e cthheeg WUh aStyor y s ys t e m, scamdtific ar
is s uienst eirnnat ional tandexaimitnatoines]lmedde sf evhid €ho @ gdr e s
appendices VAptple nald edoidiyintsi o(nesd © if e ® te ilafticedd atnedr nmse I
used in (Aphpengiey oB t

Background

Agriculturabkelfieoteclnaimoeglyugdi nogf gt eonoelstsda me engineert
conveitriecetda hlgnitpuegsnetically modify living plan
other organisms(dog. agfoodJThdiemd; m8ebmmonly ref
r oanbinant DNA techniques that i1introduce desired
predominantly pest and herbicide resgesnamece in

Lnternational Service for the Acquisition of Agsiotech Applications (ISAAA) Global Status of Commercialide
Biotech/GM Crops in 2018: Biotech Crops Continue to Help Meet the Challenges of Increased Population and Climate
Change Executive Summary, ISAAA Brief no. 54, 2018 fatp://www.isaaa.orgésourcegublicationdbriefsb4/
executivesummargefault.asghereinafter ISAAAGlobal Status of Commercializ&lotech/GM Crops in 2013

2 See, for example, National Academies of Sciences, Engineering, and Medl&BEN]), Preparing for Future

Products of BiotechnologiNational Academies Press, 2017 (hereinafter NASEMure Products of Biotechnology

2017); andNASEM, Genetically Enginered Crops: Experiences and Prospedational Academies Pres3016

(hereinafter NASEMGenetically Engineered Crop2016).
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editeofgngleo gi e sC&RtPhpaPtR mani pul ada e geaectise

lmat¢ et 1

the genoGkEegi Mokt ur alcrpgne duvhcet sUnated &nasnas$, the
currempdgoved for haurtehe AgouAdwmpati dgtths aGanbhafe poi

The publicr chfaedra atoomepainsd aalntiemcede rt th rboivegthedc hnol o gy
gretic engiemediicmd | ys modi S edewtr ghinée sansd ( GMOs ) a
government e xp e getnse tiidceanl thigfoymetdhpet igechamit i tchaal nl vy

engi neer ggdecnhe tmocdailflayg di cohweea t i o.Aalanl tbhriese drienmgor t ,
genetic er¢ictnlBeetgoshage 6 f ¢ modids cathenm thkehndqunovert

breeding.

Conventional Breeding

Genetic modificatbaoathe ppaedathanfgesgakcwel tcewune ecd wit
of agrAgmnildwlteural breedimmpgv eomtaiootrniadla @ dd et il enn & d
selectiveh ybrraajthitaamg t i onpabd emadsidnigs t ed Thdegetion

yielded =wgrieulwuthlenhamceadnd imteh e rg rwawltuha brlaet ec |
Many conventional breeding parnglenec¢tes asvbhpyysonsl]a
they edmplgeegtic engineehiwegampheseegmarketrati on b

assisted samdegden omitce xste lbedcxt,i obne 1 o w

Selected Laboratory -Based Conventional Breeding Practices

Mutation Breeding . Mutations arise naturally at low levels in plantsand animals. In mutation bregdirsg,
since the 192§, plant seeds are intentionally exposed to radiation (e-gays, gamma rays, neutrons, alpha
particles, beta patrticles) or chemical mutagens (e.g., sodium azide, ethyl methanesulphoragiejytgenerate
many mutations. Breeders can select planthwliesirable qualities from among theresulting mutants for furthe
development. In one example, farmers sought grapefruits with deeper red coloration and sweeter flavor tha
could find in existing variants. Scientists in Texas irradiated grapefrdsstotry to induce the desired changes.
This research led to the commercial release of the Star Ruby and Rio Red grapefruits in the 1970s arfidth@8,
progenitors of most grapefruit now grown in Tex@dlthoughthis technique can be successful forrglareeding,
it is not suitable for animal breeding.

Marker -Assisted Selection . Since the 1980s, the availability and use of genetic information has strengthen
the ability to modify agricultural varieties. Markassisted selection is an example afamventional breeding
technique that relies on genetic analysis. With this technique, researchers can reduce the time it takes to de
anew variety with desired qualitieby first screening potential breeding candidates for specific molecular mark
(DNA sequences known to be associated with certain traft€nly thosecandidateshathave the genetic
markers are used in further breeding experiments.s&achers save time because they do not need to wait un
the screened individual grows up to exgeethose trait8 they can screemany individuals (e,geeds, embryos,
adolescent animals) withogtowing or raisingall of them to reproductive maturity

SFood and Drug Ad mADAApprovesFirstofeitsKind i@mignal Gehomic Alteration in Line of

Domestic Pigs foBoth Human Food, Potential Therapeutic Usé&sesgelease December 14, 2020.

4 Modern biotechnologincludes the tools of genetic engineering and other approaches (e.g., fusion of cells from

different types of organismsto create new varieties) Glex Alimentarius CommissiorRrinciples for the Risk

Analysis of Foods Derived from Modern Biotechnolg@&C/GL 442003, World Health Organization and Food and

Agriculture OrganizatiorfFAQ), 2003.
5 NASEM, Genetically Engineered Crop2016.

SFormoren f or mat i on on mut ation breeding and Texas grapefruit,
Mut agenesis and t he Ge n e@eneticLitmdyiPdject(6BLRPYuoenl3,Qdl6, atr o ver sy, ”

https://geneticliteracyproject.o)1606/13/pastaruby-grapefruitswhy-organicdevoteedove-foods mutatedby-
radiationandchemicals

" For more ifiormation on markeassisted selection in plant breeding, see NASEMnetically Engineered Crops
2016, pp. 354355.
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Genomic Selection. Genomic selection is a subcategory of markasisted selection in which many more
markers throughoutthe genome have been identified and can be used to screen individuals for targeted brg
programs.Genomic selection uses tem$ thousands tchundredf thousands of markers to identify breeding
candidé&es. As such, itequires more prior genetic information @ihdata analyticeapabilitythan is needed for
markerassisted selectiorThis detailed genetic information is not readily available for atlispeandhis
approach may be more resourdetensive than other approachéseedersmay use to develop new varieties

Genetic Engineering

Advances in molecular biologyechntihaeb98 ®siht¢do
s peci fiinct ot roamdtasmics mh ey diadd DN 4 esxe gitre trbae dtschreel
genofihhegeenet ic taghnequnengcan change agricultur
would notwbthposenanvbhetional breedinReconmt could t
developments in gehkdwedefigineacregshageéy speci
that does naothhemtl wadpooEgagnr PNA

Genetic damgilmelersi mg ¢ o mb p1gagnetn oM A ettdeliceehn g |, and

br eediniggsuteNBTHsm) eachnetaisceagl Igy engineering agricul
traits of interest 1is a multistep process that
Genetic engirneaetrei ncgh dureagyd @ iathdl ® ptghaasten be passed to

of f s) pmiomg e { 1 tcdhtalpneg @  foenklate GE or ganism and canno
of fspring).

RecombinanetcdNA gF

With recombinant DNiAs ¢ ecdmtoa ionggtnd s i a ficthd o sstt v o

or more sources t o?8Qrcgha nbivsamrsdearwi mizNKaonatm c @ me s .
ndividual of tches gseamnnee sopregaammidss gnasrbdN A afait o m a n

i nvdiid u a l of a dtifdrslgsainn g pahcilise asppreont i sts are g
unawawtheeirmef t he ’so rggeanmnoimem t he r e c opnibaieneadnyt tDhNaAt hiats |
has been integrated into the genome.

I hhe most gteon egreanle tsiecnaslel,y engineer an or ganism 1
technodogywtists mus:t

T

entify a trait of interest (e.g., herbicid
loration),

cate or iuredeariliyi ntghetitgene
tract the gene from the donor organism or
nstruct aNA eveewimttoirntalm¢e @ene,
sev¢c tthoe tihne host c¢ce¢llandi. e.

grow the tr ansnfeowEmeod gcaenlils m.nt o t he

o o — o =
5 o ¥ © o &

—

, transform it

= =4 4 4 -4

8See University of Leicest erRecohbinant DNAland@enetictechrigses Edtic at i on Ce 1
https://mwww2.le.ac.ulprojectsgeckchoolsandcollegas/picstecombinanttechniques
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Researchers have used
food s upmloynb rsouwcnh®hnagsr b-
and -gfraoswi ng s“Ag mbpaAd &

this appraoaazcibmttblyad etW.eJ .op
dsant co@un®Pda’d)t,soybeans

Genome Editing

Genome editing 1s a more precise form of geneti

With genome editing, r e s e arcorhgar’sd) Nowaynn siearkte s pe c i
delwg or imogd igfeynes or gene s e qaueeinsccelsu.d eEaZrFINys g(eznion
finger nucleases) and -TAKENsf(tcanscnopleoncapt
larhesybeen excdppdcadbytthe of GCRISPRspadadtehe:
palindr onciacambrienpédastwi)t{ KARIsSORR at e protein 9)

The CRUJaSsPOR s ystem was first used for genome edidt
developers haveiandoeptAldtth dumepZKdNy, TALENs, and
Cas9 can all be used toCped9fosmfgseneme adirtei egd.,f
expensive ifi gilarney Reaseschers continue t-o exper.i
associated proteins (e.g.-tu@es g2apm€ascdlia)ngspe
in a variet yP?Rds e¢amrchiemrsst ahnacvees duesveedl ogpe ncornoep se dti It a tr
gTr Oow commercially in t hedlUrtietdedvaStaetees obifc tkwd

n
s oyb®an.

°For more information, see AldwsPakBabkar Ge f ofankard i En fipipd ersi: n g,
University, January 15, 201&thttp://sitn.hms.harvard.edlash2018arcticapplesfreshnewtakegenetc-

engineering/Researchers created Arctic apples using recombinant DNA technology in combination with a process

known as RNA interference.

10 For more information on genome editing and CRISER9, se€CRS Report R44824Advanced Gene Editing:
CRISPRCas9 by Marcy E. Gallo et al.

YFor a chronology of CRISPR development for genome editing,
https:/mmww.broadinstitute.orghat-broadareasfocusprojectspotlightErisprtimeline.

2 0r more information, see Su Bin Moon et al ., “Recent Adv a
Experimental &olecular Medicinevol. 51(November 5, 2019), pp-11.

13 Jochen Menz et al“Genome Edited Crops Touch the Market: A View on the Global Development and Regulatory
Environment; Frontiersin Plant Sciencevol. 11, no. 586027 (October 9, 2020).
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Figure 1.CRISPR-Cas9

(a)

RNA
targeting
device

CRISPR’s RNA recognizes l
Cas9 cutting device and binds to the target DNA.

(c) (d)

RO Ky,
L -

New genetic
material

Source: Figure and figure notes adapted by CRSfidna t i on a | I n s tGQenelEditm$ Digitdl Heal t h, 0
Me di a HKtips//wéw.nih.goviewseventsfeneeditingdigitatpresskit.

Notes: (a) The CRISPR system has two components joined together: a fimedyd targeting device (a small

strand of RNA programmed to look for a specific DNA sequence) and a strong cutting device (an enzyme called
Cas9 that can cut through a double strand of DNAD) Once inside acell, the CRISPR system locates the DNA

it is programmed to find. The CRISPR seeking device recognizes and binds to the target DNA (circled (bJack).
The Cas9 enzyme cuts both strands of the DNA. (d) Researchers can insert into the cell new sections of DNA.
The cell automatically incorporates theweDNA into the gap when it repairs the broken DNA.

Newr eeding qliéehant s)

NBSi s an umbhigcllau deesr s o me genetamdtelmdgai mteer ing a
breeding techniques devel oped tirnt urEeuarecotptle @ayne a r s
UniohBhave usedot disbeitevgamd s hbreeding technologie
t hatr ecsoemb i namkn PINAgy t h @ nodh e shbhat n,d potn t Whei loet her
there is no mwmponedseshilhyrivogr befl whet iappuded wit
NBTs hewyc l(utdeec hni ques t hats cgheannegtei ca nse acoguugeanncies f ¢ . g
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editnsigdier ect ed mut agd ngegsreiasthingd hgaunedsc h2 h ge when anc
an or gapseswmrt aiwi tgheonuets changing the. underlying ¢

Epi getneecthimmisqea ¢ sinewsh ani s ms t o s i,l esnuRedhAgacsne e xpr e s
inter f BRN#¥apRINAli rected DNA methylation

Cloning (Animals)

Animhailot ec hnol @ogy¥ nighlcolnui dnegs-riesp raond wacstsiiosntsetda o hni que
considered genetic engineering, as it .Ildtoes not

is used to make a genetStcaeadbpytefraeamoaxritheengurc
egg cell of the recipient animakbefiomis DNA) cand
replace 1itcewilt hn vacnl eaudsu Iftr om t he donor animal (th
compl ement ’sofg etnhoemidoo nDobDfrA)m .a nT hdamitymymd hen 1 mpl ant e
into the uterus of a surrogate female where it
embr yo Swawelhnd.i sts have sudoedsufluhbyshkeemped claitvtelse
goats, and s wine.

Adopt i@Gemnetfi ¢ Emign nlegerri cul t ur e

The United States has been a global leader in d
applying them t &Fecdopasl amedguoiaceoetockirst approv
Savr tomat o,.”Asora dsdailteipopsnnag h 9@Et dc rffoe der al approval
adopted them. Today, about 90% of canola, corn,
United States ar e 3GIEa nftoeod swiptrhe d@Emiwnaarniteltyi eesn.t e r
processed f oodnst san(de . fg.o,d simpgheddhlecoh GEgopops s yr u,
are prevalent iomet me mBreirtsesde £kttt htee puwbd dccons umin
foods

Pl ant s

Adoption of genetic engineerjnwgith adgZrdsctwil matrad
million acres plaTatbd)de worldwidesenoZdaBo@t 185
200heGE crops include epeld,ntasinndg 2f@iwbnSoficoht r i @e s d, f
plant ihniggshlayr c oncentratsegbemang fonnsamdpst on, ar
five countriesa.ccbha pnribtacddtaSottal gd so baacbrpe a g ¢

(85 mi3l 11 onf oaldmwevsez)d 1b ¥ 2Br%, or 1AX g.e§f timRifdal iom 2T .rle s

“For more information on RNAIi, see I SAAA, “Pocket K No. 34:
https://mww.isaaa.orgésourcegublicationgpocketkB4/default.asp

15 Formore information oflRNA-directed DNA methylatiorsee NBT PlatformFact Sheet RN/Mirected DNA

Methylation 2014 ,at http://immww.nbtplatfam.orgbackgrounedocumentgactsheets$actsheetrnadirecteddna
methylation.pdf

16 For a history of the development of genetic engineering in agriculture and related regulatory policies, see NASEM,
Genetically Engineered Crop2016, pp. 6596.

171n 1994, FDA approved for sale the Flavr Savr tomato, genetically engineered to stay firm after harvest.

18 Daniel Hellerstein, Dennis Vilorio, and March Ribaudo, edgricultural Resources and Environmental Indicators,
2019 U.S. Department of Agricultur@ SDA), Economic Research Service (ERS), Economic Information Bulletin
(EIB) 208, May 2019, pp. 334.

19 Gregory JaffeStraight Talk on Genetically Engineered Foods: Answers to Frequently Asked QueStaner for
Science in the Public Interest, 2015.

Congressional Research Senice 6



Agricultural Biotechnology: Overview, Regulation, and Selected Policy Issues

milliomMaad ddes, ) ;onri 1 31 0;4 damdf s )or 28. 7. mThekesen acr
five count raibeo9utéa o £ otulsE gdoewipe b ge .

Table 1.Global Areaof Genetically Engineered (GE) Crops by Country ,2018

Rank Country Area (million acres) GE Crops
1 USA 185.3 Corn, soybeans, cotton, canola, sugar beets, alfalfa, papay
squash, potatoes, apples
2 Brazil 126.8 Soybeans;orn, cotton, sugarcane
3 Argentina 59.1 Soybeans;orn, cotton
4 Canada 314 Canolacorn, soybeans, sugar beets, alfalfa, potatoes
5 India 28.7 Cotton
6 Paraguay 94 Soybeans;orn, cotton
7 China 7.2 Cotton, papaya
8 Pakistan 6.9 Cotton
9 South Africa 6.7 Corn, soybeans, cotton
10 Uruguay 3.2 Soybeans;orn
11 Bolivia 3.2 Soybeans
12 Australia 2.0 Cotton, canola
13 Philippines 15 Corn
14 Myanmar 0.7 Cotton
15 Sudan 0.5 Cotton
16 Mexico 0.5 Cotton
17 Spain 0.2 Corn
18 Colombia 0.2 Cotton, corn
19 Vietnam <0.2 Comn
20 Honduras <0.2 Comn
21 Chile <0.2 Corn, soybeans, canola
22 Portugal <0.2 Corn
23 Bangladesh <0.2 Eggplant
24 Costa Rica  <0.2 Cotton, soybeans
25 Indonesia <0.2 Sugarcane
26 eSwatirf <0.2 Cotton
Total 473.7

Source: International Service for the Acquisition of Adriotech Applications (ISAAAGIobal Status of
Commercialized Biotech/GM Crops in 2018: BiotecBddiiipse to Help Meet the Challenges of Increased Population
and Climate Chand&AAA Brief no. 54,2018.

a. eSwatini was formerly known as Swaziland.

u. S. farmers do not commercially grow all GE c¢r
availablia fbhe &nieed States. As of the writing
grelw GE cropTalplpgece i The§sedo notandctlabdac G&E, t wlni ¢
have approvals but are not grown commercially.

Congressional Research Senice 7



Agricultural Biotechnology: Overview, Regulation, and Selected Policy Issues

may enter the U. S. food system via impor
ow pineapple ). Ac¢cofdAggic¢oltheeU(NSDREDYD
ch S é&orveirc e9 (%K RoSf) ,all corn, wupland cotton,
® d o g e @E"uvsalricige@)riee s

The vast cmanmoerrictiya loofi pwEbemw®ipatnsthe production s
agricutlh ulher biwdi de -rteosliedtpanifceee atnlle pmo st swides pre e
of GE crops in theGEnrianpasy Ppopasessam@adsghpgbadGE t
herbioldeainecsesd stancpat hoge nmukbktipsttaandékee)d r ai t s (
traits

1 HerbiTol deedn r bit wil eHAGEC r opsn game ea ed t o
tolerate herbicides that would otherwise kil
HT c¢crops curr eimtcllyu doen HHH eslwayabdekaenost ,t on, and
HTc or n. HMaawo ps 1 e f Rroruend utpob Raesadig e t hey are
engintece rrBalsyse(sftor me salnys gMoympp hos ate herbicide,
mar keted under t hB8t abcrkaedddivta m heht aiRosu nd u p .

ombine traits fandgdiyphasad et o estibaranlceer bic

c
dicalpld c h)hlaivnee been devel.bpedeamingcwanedyear
resistance to g ldyepnhaonsda dfeovrh hasnptdmhecnstiev @ £ e d
ne wHTr s t a cvkaerdi. ettriaeist

T | nsRecstinctta ssreecst iGEc a maprse genetically engineered
produce = mosplels taimmwiud beiwicklddaelt innogn o f
inspeswtit hout needmngalopepplIGE dhbrsaietxt efromal Iy
insect resifstrapeldemtooapor atse @9 Phaet ect ant
most commga M®PdtPuinaslly occurriBacpéduscide de
t huri rsgoiidn sbidsBtt ewmamet ies are most prevalent
cot@oncontrol tobacco budwormmdwl] wor m, an d
control earworm ahdr)sesveral types of corn

T Stacked Traits for Herbi ci dSeo mleo | setraacnkceed and |
trait crop varieties 1nr eoimet amts etst aciotmsb.i nAs F
became available for corn andt nugppiltan@Ecotton,
vareisetwit h HTe soirs tiannfé¢ gGBr.@a r ai t s (

f Pat hdkgenstPdrnme. pat hogens (e.g., viruses, fur
crops angroannmakhem untenable in affected g
Traditional met hods of combating some virule
burning, spraying with chemicals) can damage
Researchers hav-eecesnsattifdietds pan hogme | iving
and have used genetic engineering to introdu
susceptible plant varieties. For example, th
papaya ringspot virus, 1is dapgphyacredited w

20 BecauseBacillus thuringiensigBt) is a natural occurring pesticide, it can be applied onto organically produced

plants under certain conditions. Bt’s incorporation into ge
producers because dfe risk of creating Btolerant pests, thereby decreasing its effectiveness for organic farming

operations.
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indu?8ltnr 2018, 77 % of Hawaiian papaya acreage
resistan®?CGErmapayaeening, also known as Huan
bacterial disease that ruinsCigirtursus fruits a
gr eema s gi nepiatecrtuesd groves globally, is present
and has arisen i%AReQaclairfcolrenrisa aarned wloerxkaisn.g t o <
citrus varietiesciwirtuhs .?pgrroeteencitnigon agains:t
Figure 2.Adoption of Selected Genetically Engineered Crops in the United States
(2000-2020)
Percent of planted acres
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R e e T e  ———
2000 2005 2010 2015 2020
Year
Comn (HT only) Upland Cotton (HT only) Soybeans (HT only)
=== Corn (Bt only) e | pland Cotton (Bt only)
e Comn (stacked trait) e | Jpland Cotton (stacked trait)
Source: U.S. Department of AgriculturédU S D A) , Economic Research Service (ERS),

Engineered Crops in the Uhtps/waw.elsassa.gadtppdoductsadoptiomof-y 17, 2020
geneticallyengineereecropsin-the-us

Notes: Genetically engineered traits include herbicide tolerance (HT), insecttaesie viaBacillus thuringiensis
(Bt), and combined HT and Bt (stacked traits).

Cons ufdeid enftreadi t s

I'n additioar iteon tperdo dturcaeirtasl s @aag b ® e teintgaiknheje rpelda ntt os
address consumer ?Mac ds nawmrdi winkte ef d ir te sncaayp s

2lSee, for examp lAdonelhQugst féf FactmanGeheticadlly Modified Cropilew York Times
January 4, 2013, &ttps://mww.nytimes.con20140105/usbn-hawaita-lonely-questfor-factsaboutgmos.html

22 |SAAA, Global Status of Commercialized Biotech/GM Crops in®01
ZBUniversity of Florida, Emer gi n ghttpsdepilufbedgathegeriglantt i t ut e, “ Cit r
pathogensftrus-greening/

24 gee, forexample, JuianaMo S r es et al . | “Devel opment of genetically mod
citrus canker dnmoplcalPland RPathdlagywel. .85 (May,25, 2020), pp.23250.

25While consumeriented traits address consumer needs and prefereneetsydiproducerriented traits may also
benefit consumers indirectly (e.qg., through lower food prices or higher quality foods).
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eliminate ptbaéatishesviaghgeep Igainct sr essopmoen s e s

individuals. Genetic enginieierasmpug hi @asone path

%Under the Animal and Plant Health Inspection Service’s
effective in D21, the granting of nonregulated statusto a GE product was a final step toward full commercialization,
following alengthy regulatory review and testing process. For more information on this process and revisions effective

( AP

i n 2 0 2Animal anePtanttlealthinspectiorService ” For information on USDA’s grantir
to Arctic apples, see APHI S, TQuadttown,dndFeAmuwaerys 2 0ArSct iad

https://mmww.aphis.usda.gowdblicationsbiotechnology2015faq_arctic_apples.pdf

2TAr ct i c Appl e shitps¥archoapples.cbiabguius a t

2BFor information on FDA appr oFRAGQonctudes Gohsiltatiowdn PinkFlesha ppl e, s
Pineapple December 14, 201 &thttps://mmw.fda.govibodlcfsanconstituentupdatedta-concludesconsultation
pink-flesh-pineapple

29 For information on FDA approval of Golden Rice, see Letterfrom DennisMelf ¢, Ph. D., direct or

of Food Additive Safety to Donald J. MacKenzie, Ph.D., International Rice Research Institute Regulatory Affairs &
Stewardship leader, May 24, 2018 hatps://ww.fda.goviedial 137 19download

(&

of

S

]

S0AP HI S, “Nuseed Americas Inc. ; Determination of Nonregulate
Oi 1l P r oFfdellRegidted®634 August 27,2018.
S1Nuseed, “Baded GmegaL, a”httfasi/nuseed.cormgbmega3_beyondyield
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peanuts .8Thhle sweh ecaaptpl i cations of genetic engin
advahnoedommeracsitabl®i zdhationof this report

Agri cuAtiumallsd Ani mal( Phordmadeuticals)

Commerciaffeneti onengrnead i manadinugh os e used for f o
feed, ,hmaWe dn bRPRens eedc hers reported production o/
animal s®antofHd 8bate ,0hetiederapogovewomemt has a
an i mAE bs fooAMhwAsdev asaltmge and t MengGalBafhepsgienti:
communityt &reesgeurltaGthd wanmalfs 1is overrthyedasy dens ome a
innovaFtDAd nthmagued t hat rGiEgwirmalss riesvimeacnasisaar y t o
and pubPSomkeaktskarch has shOWGEthamy mdéomesmdnean v
the intendtehde cpmbi nddehse.s of es ecarch s wagigepsotrst sftorro nGgEe
animals intended to benefit human health than f

Animal s

Researchers have used genetic engineering to 1in

animals. Thes eand cclaodseun apertrocddu ct erra a i mady sodneér o £ s whi
worker safety and ani-malewttdd hopeaei Adhaage pcocdase
rates, reduce susceptibility to pesteamnmgdiscea

Cons uwonreirent ed traits include those that eliminat
profile of afidwad xpmpldearsc tasr,.e Adi scussed below.

T AguAdv a%atl angtelNo ve mber FaADBAhHunced its first app
of a GE animal ian tGeEn ddaedvmefdlaorp efdo obdy utshee:

Mas s ac hatsecitmobdgy flhm AguwaABowumtn.ge Atlant i
sal mowmsa tp par o X1 mat el y nto-w EActel atnhtei cr astael noofn .
AquaBounty wused genetic—seonugrfmednring to intro
Chinook s admoamnramdiolaannt i € o stahlamont he GE

At 1 ant iex psecaslsbhlmen o o kg s@awimb nhqu Aadwment a ge
salmon may become commercially available 1in

2For selected e x aAntipAllecgy BiotecleGropd ”S APAAAg k ¢t K n o . 53, October 201"

33 This report does nairovide indepth discussion afonagricultural GE animals, which may include animals
genetically engineered to produce pharmaceuticals or to limit the spread oflseetdisease.

AR . E. Hammer et al., “Production of Tr aNaupwa.BlE5,nB.abbits, She
6021(June 2626, 1985)pp. 680683.

355ee, forexampl@ he Edit or s, ¢ QatureBiotechdologyok38,tno.a (Febriary 7, 2020), pp.

142-143;andAlison L. Van Eenennaamt al ., “ Genet i c En gi nrisnityCostiof Regufatolyi vest oc k:

De 1 aApnudl Reviews of Bioscience®l. 9 (February 2021), pp. 45878.

%St even M. Gé&honeaditing in Anirfals:Why FDA RegulationMatters Nature Biotechnologwol. 38,
no. 2 (February 7, 2020), p. 113.

37 Cary Funk and Meg HefferoMost Americans Accept Genetic Engineering of Animals That Benefits Human Health,
but Many Oppose Other UsdBew Research Center, August 16, 2016}gts://mmw.pewresearcbrgiscience/
2018/08/16mostamericansaccepigeneticengineeringof-animalsthat-benefitshumanhealthbut-manyoppose

otheruses

38F D A AquAdvantage Salmon Approval Letter and Append®ADA 141-454, November 19, 2015, at
https:/mmw.fda.govdnimalveterinaryanimalsintentionatgenomicalterationsiquadvantagsalmonapprovalletter
andappendix
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T Gal SRfglsn December 2020, FDA announced its se
animal i1intenamrdop ifmoci,deosotdh lutsyet appltoval of a
for boutshenflobhdman therapeutics: a GE pig free
allergic react¥NGad S aifhrea vpeo gbse epne ogpelnee.t i c al ly
engineered to 1inhgalits ugaord,ucwhiiocnh ocfa m | pahwms ¢
reactions a p-gadoplydi Heistme pi gst anapyr bdu aes e d
pork prbidoamdedi wgslu eah t ®tshiilanlneeords or trans pl ant
tissues, s a falepHfaolr spyenodpriemivg s hheseenGE yet on
t he martkheet daast eo fof t his report

f PoldCaet tDaei.r y cows mnaturally develop horns, wh
rancher-sin etmobviped o0t ect animal-sviaand people fro
mec hamriead haeshiasved some concerns with anima
adv o cRactcecosmb i Me h n ebsagstead gene c¢hdasgs im@gemw ompany
researching and ¢@eo,¢t e@h idagl nhyotcbmef secs s , o1
DNA for t hes opwEtdeodn araaturall yv~whernless Angu
intr oidnutcoe d Hol st leti au gda i gyg ibftr cieeardi mgt ar y
review by FDA identif iradnttahreg eutnomMA afded incl
t hesein a2t0tdled t hey remaf®n under devel opment

Animal PftBHuacmaceuticals)

I'n addgeneotni ctal layn ienmaglisa x pd i magndp rc o-ms wane r,e d t r a i t ¢
resealblazherwsed genetic engineering to, isndalh e an;
as pharmAcfftawiexdmples are discussed bel ow.

1 GoamBlsoAmtcil otPr bh.ghnFebruary
humdnpgoduaedrhyns gani wvedii
produfResietarchers usetdogepdatper odougienecer i ng
ant it hrlohnubmannd¢ iottingiprlbhebSnnaemel FDA
approval, Tlaenkxttirtahcrtoemd iforidhkh GE mgadatss in use.

1T RabbBltos€ldot PriontgRe fearchers genetically engine
combicdont imgmpmohleamd for wuse 1in 7

2009, FDA approve
&l ,ani mal used to

e
hemophhésaabbits express the proteins in the
purified for wulsne Daesc eambheuanpagnd) ¢dSreudgF. PAoduction
of the GiE Aparbibld p2pOr200v,e d t he drug derived from
for therapeuitic use in people.

39F D A FDA‘Approves Firstof-its-Kind Intentional Genomic Alteration in Line of Domestic Pigs for Both Human
Food, Potential Therapeutic UsedresgreleaseDecember 14, 2020, attps://mwww.fda.gowiewseventspress
announcementi&a-approvedirst-its-kind-intentionalgenomicalterationline-domestiepigs both-humanfood

40 For information m the development and regulatory setbacks associated with these GE polled cattle, see Antonio
Regal adeEdi‘t@edn «Cat t 1l e Have a MMIJ dechndagy Rewigwhugust 29,2019.e i r DNA, ”
41 Andrew Pollack® F. D. A. Appr o v cAlterBir uGp News¥onk Tieskebruary 6, 2009.

42 FDA, Freedom of Information Summary: Original New Animal Drug Application: NADA8#41, Bc2371 rDNA
Construct in R69 New Zealand White RahbitsDe ¢ e mbe r 2 7 , FDAApprdves AdditidnalFT eatment

for Adults and Adolescents with Hemophilia A or B and Inhibifoi's press release, Apr il 1, 2020.
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Ot h@mrgani s ms

Beyond plants and animals, vbi1 o ¢ penkincorfFooogryg ahnaiss nbse

(e.g., bactendafoakbdood, ydastd) phar maceutical,
Me

A 2017 report by thei Nm¢e¢onaEngecademiag, ofnd

incdsuudebplications of genetic engineering among

may diverge from thosé&Sompl  odpphessecoans ently i
microorganismymee proldocmoars orifomel]ly derive
mcliwmfgungi intendedufSdr pbaned¢ wEefodDdeor ganis ms o
and aniMmefbeawmpptications are discussed below, an
andv edleo p me nt

1 Bact:dFooBt oducEhzyg mélsymosin is an enzyme that n

occurs 1in newborn ruminant animals (e. g.

effect of curdling milk. It has been used i

yealrms909 chymosin produced EacheGEchtaain

co(Ei )belciame the first GE FDAQuimgmtldy,cnt
GE chymosin is used in most h4rd cheeses

f Bact:dmi mxlugBo vimeteooropin (bSDHO,viamles o known a
gr owt h ’hjosr mmo nheor mone t hat amadt utallayn dcoamcursa sie
milk production in lactating cows. In the 19

ways to produce lar ge qiunaenetriitnige.s Tohfe p ST wit h
introduced the germe fcoodhb8HT ctcwudbdathenapnodf

hormone in quantities that.cd®DAdfbesisolated
apprBoeosesdlac, abBEn bBWDFT ent han 20 countries h
appved rbST, though it remains *prtshibited by
use in the United States has declined from a
2007 to abotdt 10% in 2014.

T Mushr obonddn 201 6, a white buttomwamws hroom be

for USDA regul-adivoadodgmni @A hrivemsceaa r phr ord uactt .
Pennsylvania StateChbsdOvewmsicctrratsed G@GRhSPRwni
mus hroom by deleting a few DNA base pairs 1in
letter t o USHDeA mweosmdamrmledr t hat the mushroom i
USDA regulation because 1t does mnot contain
43 NASEM, Future Products of Bi@chnology2017.
“See Eric L. Flamm, “How FDA ApNatureBiotechnalolgyom®(Apirilid,:1994) Ca s e Hi st
pp.349351.
“®Jon Entine and XiaoZhi LiHnr & ChMO sQp:p olnheen tGMOL Foeo,d Wite Don’

GLP, November 2, 2018, dtttps://geneticliteracyproject.o&18/11/02/cheesegmo-food-die-hardgmo-opponents
love-andopposea-labetfor.

46F D A Bovihe Somatotropin (bST)” https://mww.fda.govdnimalveterinaryproductsafetyinformationbovine
somatotropirbst.

47 Among other countriedapan, AustraligCanada, New Zealand, and the European Unior) (Eohibit useof rbST
in dairy cows Milk containing rbST has fallen out of favor in some places in the United States.

48 APHIS, Dairy 2007, Part I: Reference of Dairy Cattle Healttnd Management Practices in the Uni®thtes, 2007
October 2007; andPHIS, Dairy 2014: Dairy Cattle Managenmng Practices in thé&nited StatesReport 3, February
2016.

“YEmily Wa l-Hdited CRISPBR Mushroom Escapes USgRation Nature vol. 532, no. 7599 (April 14,
2016), p. 293.
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50 Letter from Michael J. Firko, Ph.D., deputy administra#a®HIS, to Dr.Yinong Yang of the Pennsylvania State

University, April 13, 2016, afittps://mww.aphis.usda.gosibtechnologydownloadsfeg_loil5-321-

01_air response_signed.pdf

SlAshley P. Taylor, “Compani {BeStientstrebRdrySIPR19t o I mprove Crops, ”

52 Bloomberg BNA,“Group Encourages Consumer Support for U.S. Ban on Genetically Altered’ lsily, Report
for ExecutivegBNA), August 31, 1999; and Alan Yonan JiEnvironmentalists Escalate Fight Against Altered
Crops; Dow Jones, August 24,1999.

585ee FDA, “Questions & Answers on Food from Genetically Eng
Genetically Engineered Crop3016; and Institute of Medicine (IOM) and National Research Council (NB&jety of
Genetically Engineered Foods: Approaches to Assessing Unintended Health, Rfi€ets

54 For reviews of some of these concerns, see Emmanuel B. Omobowale, Peter A &idgsiodallah S. DaatrThe

Three Main Monotheistic Religions and GM Food Technology: An Overview of PerspettBMS€, International

Health and Human Rightsol. 9, no. 18 (August 2009and Stefaan Black&éWhy People Oppose GMOs Even

Though Science SayT hey Are Safé&,Scientific AmericapAugust 18, 2015. See also N@GMO Project;*GMO

Facts; https:/mmw.nongmoproject.orgio-facts

5536 U.S.C. §150301n 2015, the National Academy of Sciesc(NAS), the National Academy of Engineering

(NAE), the IOM, and the NRC were rebranded collectively as NASEM. Reports prior to 2015 may note authorship of
individual academies, the NRC, or both, and reports after this date note authorship of NASEM.
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The potential effects of consuming GE foods on
since they weBef drne sdatde veed olpeeall, t h out comes for
wer e a vhaei Ilpadbtleent ital rismkw decbavpddbgd wetrthk thkao:
decades since the first GE food entered the mar
Numerous scientific anal yrseevsi ehwaecvde sbceieenn tciofn du cstt a
been pulbki skhdaednt yfneycmenmrmanlnliyt in agreement that
available GE fNASIEhVhssone ceafepofcdtneddan gs ofnno diff

t hheealt h GK faonmd En 6odf®d her s ci cimtcilfuidci nbgo dfieedse,r a1l a g
and iatnelnet galnbazvacd irdahacme d u stei xbonx (bspeleo w

56 NASEM, Genetically Engineered Crop2016 andlOM and NRG Safety of Genetically Engineered Foods:
Approachesto Assessing Unintended Health Eff@€84.
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Selected Statements of Scientific, Federal, and International Organizations on the
Safety of Genetically Engineered (GE) Foods

As reflectedin the statementdelow, the scientific community is generally in agreement that commercially
avalable GE foods are safe to eat.

National Academies of Sciences, Engineering, and Medicine (NASEM)

00n the basis of detailed examination of comparisons of currently commercialized GEoar@E foods in
compositional analysis, acute and chronic antimatity tests, longterm data on health of livestock fed GE food
and human epidemiological data, the committee found no differences that implicate a higher risk to human
from GE fads than from their noRGE counterparis

- NASEMGenetically Engineered Crops: Experiences and,P208pesthttps://doi.orgl0.1722623395

American Association for the Advancement of Science (AAAS)
0l ndeed, the science is quite clear: crop improv
safe.o

- AAAS, Statement by the AAAS Board of Directors on Labeling of Genetically Modifi#d &oods
https://www.aaas.orgéwsstatementaaasboard-directors-labelinggeneticallymodifiedfoods (accessed
March 24, 2021)

U.S. Food and Drug Administ ration (FDA)

0GMO foods are as healthful and safe to eat as their4«@WO counterparts. Some GMO plants have actually
been modified to improve their nutritional valde.

- FDA,0Agri cul t ur a lathBps:wwe.tddgowdd/oogsymebstgriculturalbiotechnology
(accessedMarch 24 2021).

World Health Organization  (WHO)

OGM foods currently available on the international market have passed safety assessments and are not likel
present risks for human health. In addition, no effects on human health have been shown as a result of the
consumption of such foods by thegenegmbo pul ati on in the countries wh g

- WHO, 0Q&A Detail: Food, G e n e taf https:Imww.whid.intteivérdor/g-a- 6
detailfood-geneticallymodified (accessedlarch 24 2021)

European Commission (EC)

0The main conclusion to be drawn from the effort
more than 25 years of research, and involving more than 500 independeatecbsgroups, is that biotechnology,
and in particular GMOs, are not per se more risk

- EC,A Decade of Efunded GMO Research (202010) 201Qat https://dbi.org/L0.277797784

The Royal Society (United Kingdom)
OAll reliable evidence produced to date shows that currently available GM food is at least as safe to eatGd 1
food 6
- TheRoyalSociety o0l s it Saf e athtps:/fogatsoci@nrgdpicspplisyfrojettsgm
plantsis-it-safeto-eatgmcrops (accessedMarch 24 2021)

$0YPUOOOI OUEOQw$Iii1T EUU
Some chxapvrees sed concerns that GE crops and agric
envir amme motr 1in § hectfhicddsoem €kryonbkh d ¢

T HT crops may increase herbicide resistance i
1T Bt crops may incangaseupesuntratepestaacdetsoo

1T Bt crops may ha, ms ubwouht ttaacsrr gfdti espaamide bees; and

1T GE traits mmaayt ievsec asppee ciinetso t hr ough interbreed:
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NASEM has tehxdasnsi meend var.3’A2uk61 & epAHOSTEM report found
crops generally had fewer n@Badiops enbut onmeal s
t hatcotuhlide nge over time due t as@Bbner copfs tahse pweasyts
manage me“hA2 Otl dbo INSAS Egvkr ecseeqpmmtre dunic ert ainty

Overall, the committee found no conclusive evidence of candeffect relationships
between GE crops and environmental problems. However, the complexnature of assessing
long-termenvironmental changes often made it difficmireach definitive conclusiors.

Ot her scigpmntoiviiide BbodidaZx0 1a% sree¥somletch tbRye stohuer c e s
I nst igtdwtbeal nonprofitrassamnraaclhed oarngda npirzapdoamd s ol
address globmlan oecondv isreccnumeint tyab?ill hyi ss twsetpaoirnta bl e ma 1
environmental analdgai HT od nalbnEBotenreodpdsd fifeol d wsva n g

Although claims both forand against GM technology have often been overstated, the best

evidence is that GNechnology has already provided some yield gains from Bt crops and

has probably reduced toxcity both to humans and the environment, relative to the use of

alternative crop varieties that require more pesticidéuse.
HT an4d epestt ant bGEn carsosposclihasteced uwsiet hof c¢c hemical he
pesticides th@whH arepifiiuabds imeHobwincviedce uwosvee ro nt i Hile
can 1 ead -rteos ihsetrabniccei dien agricultural weeds, and
resistanes isd ameas GE cr ops. I f these changes lea
types of her bithdbm sn gaomudl dp ersetviecrisdee st thatse it trieanld a n d
environmental har ms asFKiogcBivdeteowl a wi whet haesecaGlpcee
HTcon varieties u(podnfilewper hprdbnecaedeacre) than 1
2005, Whex®l Ovas al mohsetr bnneckdgdf Rowance snmilar tr
t huese of pesticides by adopters and nonadopters

57 see, for example, NASEMGenetically Engineered Crop8016; NRC The Impact of Genetically Engineer Crops
on Farm Sustainability in the United Statdiational Academies Press, 2010; NAS and NE@yironmental Effects of
Transgenic Plants: The Scope and Adequacy of Reguldtiational Academies Press, 2008AS and NRC,
Genetically ModifiedPestProtected Plants: Science and Regulatibiational Academies Press, 2000.

58 NRC, The Impact of Genetically Engineered Crops on Farm Sustainability in the United, Statiesal Academies
Press, 2010.

59 NASEM, Genetically Engineered Crop8016.

60 Tim Searchinger et alGreating a Sustainable Food FutyM/orld Resources Report, World Resources Institute,
July 2019. For the report’s discussion of pd8bet%R.ic engineeri

61 |pid., p. 190.
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Figure 3.Insecticide Use ,GE and Non -GE Corn Fields
(2001-2010)

Pounds per planted acre

0.12 —
Bt non-adopters

0.10 —
0.08 —
0.06 —
Bt adopters
0.04 —

0.02 —

0 T ]
2000 2005 2010

Source: Adapted by CRS from Jorge Fernandgarnejo et al.,.Genetically Engineered Crops in the United States
ERS, ERR62, Figure 13, February 2014.

Notes: Bt corn is genetically engineered to have inseslistant traits

Figure 4.Herb icide Use, GE and Non -GE Corn Fields
(2001-2010)

Pounds per planted acre

250 7 HT non-adopters

2.00 -
HT adopters

1.50 +

1.00

0.50 +

0 T 1
2000 2005 2010

Source: Adapted by CRS from Jorge Fernandearnejo et al.,Genetically Engineered Crops in the United States
ERS, ERR62, Figure 14b, February 2014.

Notes: HT corn is genetically engineered to have hieitbe tolerant traits.

$EOOOCOPEWSIi i1 EUQU

The euGEf crops has been associated with various e
different conditions and at different points 1in
profitability aofmeGE ctrhaps ufSer tthleen, f as well as p
GE cr ops whno sfea romelrys or ganic practices
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Some have asserted that GE crops commit s ome fa
they cannoats saefrftoirmndgg b & amo G&E e x p émEs mwgetdish dgann dn o n

farmers cannot save har wensutsetd pGuEr csheacsdes nfeow sfeuet du:
seasom 2016 NASEM report found generally favorat
GE commodit yhicgholpisg.h tletd atlhsaod e p b © dae nnguunvbeeor meosf v a r
factorspepneVvadlefnmgeni nign pwrsace d i e gs i cul®Aural infra
2014 sWUWSIFHE RSy f ound tohfatU.aS .imafdommddorpst ed GE variet
major commodity crops, and it stated GEat far me
crops are WPXTrheef irteipnogr tt haedovi s ed t hat increased pe
weed resistance staot et,hei nhcearbpariatee ¢ liyppth@ many HT
calculhfiemt une. Beyond U. S. farmers, a widely pub
in India to economic hardships &Npmeromsed duce
s cienutdiifeisc hsatve concluded that there is no caus :
and farmer $uicides in India.

Ot hers have 71 siosmed faecmeo®n GEt hbabps may negative
outcomes for neighborikegtfaer mensc whoogys,0wAaxldl an
“only 87 organic producers suffered economic 1o0s
mat er i al0 J1d4cf4T'itn &g oncluded that problemsGEof c¢coexis
farmghmo w hfiemt s r moae GE crops are commercialized
identified several gaps -GEn carvoapi lparbd ¢ u cdtaitoan atbhoautt
detailed analysis.

Public Opinion

Agricultural biotechnology has vprowdkadds aigangs
us e . Some have argued that genetic engineering
address global food insecurity, environmental d
animal welfare. Othdturbhdvbiaetgobdolbgy agrunsa
danger to the environment, and a potential sour

A 2016 survey by theed®kat Rebeutr ctha ICfe nd fe r Amschroive a 1
believed there 1ish neof fdei f tf e r @k GE oFohdysbi@sh hs @ 1 t

survey also ehbkwsgonhdaewet 86 Yr eat dGGHEH lo gadbsorud t he
amng these,moesstpbeddretve t hat GE f ootdoshepose 71 1is ks
envir oSnoomeen ts.c hol ar sthorp maungyg aisabidiiovtibddaubanlsl,o gy ar gu

o o

62 NASEM, Genetically Engineered Crop8016.

63 Jorge Fernande€ornejoet al.,Genetically Engineered Crops in the United StaEERR 162, ERS, February 2014
(hereinafter FernandeZornejo et al.GE Crops in the United State2014), p. 41.

64 See, for example, Nasha Gilbert Ca s e st udi es: A ,"INaturedvoll4870(May 2, 201ZJNip. 24r o p s
26;andGM Wa t Maridgna Shiva on seed monopolies, GMOs, and farmer suicides in MdiaNo ve mber 16, 201 3,
https://mmww.gmwatch.orghhewsarchive201315165vandanashivaonseedmonopoliesgmosandfarmersuicides

in-india.

See, for example, -Slicidkt MyHsbugsinrScienteBfehnaddywol. 30, no. 2 (Winter

2014),pp.657 8 ; and Guill aume Gr u ¢BtoottonandfarDer suidides in InduBevidepaep t a ,
based as Jhedoumalaf DeyefopmeStudiesvol. 47, no. AFebruary 2011), pp. 31837.

66 Catherine Greene et @Economic Issues in the Coexistence of Organic, Genetically Engineered (GE), at@HNon
Crops ERS, EIB149, February 2016, p. 29.

67 Cary Funk and Brian Kennedf¥he New Food Fights: U.S. Public Diwid Over Food SciencBew Research
Center, December 1, 2016.
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that appeal to intuition andiemoét fomutmaGhHbacmon
s affty

A 2014 repeobERS dbwi eUBdDA research on consumer acce
ot her® ¢ smeported that U.S. ¢ ons u#sieEr sf oaordes .willtl i
alsoncltihdheded inboummabioneg hnology can influence ¢
for GE foods. Positive information can increase
decrease it

Figure 5. Public Opinion :Health Effects of Genetically Engi neered (GE) Foods (2016)

m No Different than Other Foods
® GE Foods Worse
GE Foods Better

m No Response

Source: Figure created by CRBom Cary Funk and Brian Kennedyhe New Food Fights: U.S. Public Divides Over
Food SciencPew Research Center, December 1, 2016.

Notes: Data are dawn from a survey conducted as part tife American Trends Panel nationally
representative panel of randomly selected U.S. adults living in households, created by Pew Research Center.

Vi e wAgafi cultural Producers

Manly. S. far mersi ncndidrianigc hema jocommodif>+hoseps ha
s@GE biotechnology products, including GE seeds
armers and ranchers, including &Ercgammind cf ar mer s
acmaeysinfluence a’gnicovmlstemrdbafl GPEGEdeywamsardsn atosn. F

xamphanerf§ who use GE products madyrddad hsearbecaus
ircums tvahmigleesn ioc wher cher s ot unsaey GEe cperiovdeu cat spr i c e
onto-@E cer tRf oduastoecoinatiiadnsadvocate on behalf of U
anchawes expr es s codf dbiifofteerhehnoto pvhigeywhse i r st at ement s
ssues and pPSolmec wdp fahtefwesr my ¢ discussed bel ow.

=" h 0O O -hh o

68Se e, for example, Stefaan Blancke, “Why People Oppose GMOs
Scientific AmericapAugust 18, 2015, dittps://www.scientificamerican.coticlehy-peopleopposegmoseven
thoughsciencesaysthey-are safe

69 FernandezCornejo et al.GE Crops in the United Statez014
70 FernandezCornejo et al.GE Crops in the United Stateg2014
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Crop Producers

The Amer i clAsns oScoiyabteaaomh t AS ANational Corn Growers
mainthiadmec hnkbyg.y5Bostha or ganiedfopons swpmopdate t
fedemglatory system for biotesh2dRdgyepnddutoty,
evisunitod atrlgely -exdéemptdsagenombt ur al pPSoidnuccet s fr o
0 OATS,A amsa i netda i Bi ot ec hnology Working Group as a f
chnologYnprodideesh Produce At skefalodnens whic
r o the produce 1 nd,usitnrdyu s(ter.yg .a,s srobchisaitlieornss,, di
so expressed suppartguflat iovmdotfi GFE PYIPAts and
s ¢ ing the®GE status of foods

Li vaslatmd Pr oducer s

In 2019, the NationaPC)Polraku iilKeheeppdu dintess i Caublhci §t ( N
Agr i c’wlatmpraei gn in support o’fT hgiesn ocneempeadiig ni nagd vi mc d
revisions to the U.S. wegudfitgeyomysdddim itmg fiac i
“eng BAlme r’'s cfaar mer s to remain ¢ §3Tpheet iNtaitvieo nianl t he ¢
CattlsenmBeere f Association ( NCBA) opposes the 1label
livestock c¢ oasidunpepdo rGtEs fmedi ng r e gulFaDtAi am of GE |
USDZR&.

Seafood Industry

The GE salmon known asa sAdgu Adva ndtiifinde 920lpketdm me

the first GE animal appr GAnd digAgpgu FPAud oy, foloa us
company that developed the sAqaulsdéfna etsdge heal mbw,
affordable At’'d anta dwaetddhmamtglee h &6Srolmde. Me mber s o f
Congress haveabroauits e@E csoanlandomd dtéhdeg efdDAa s p pr o v a l
procéssoposecdr kb qggnigyllaabteil Gihis @ 1 gffh madd dperdo vi s i ons into
annual appr opr ireaguiiornes tlRegiirs llaa b elni ntgo.

“American Soybean Associ at hittpsi/soygisess)cqéyisBuesinitiativedkeyisduetgy , ” at

biotechnology/andNational Corn Growers AssociatignN C GA ) “ Bi o thétps:inoga.dookigysissués/ a t

othertopicsbiotechnology

2A'S A ASA‘Pleased with USDA Final Rulen Biotech Crop Approval” press release, May 15, 202

“NCGA Commends USDA Rule Updating Biotech Regulation Prgcéss pr ess release, May 15, 2020
a

BUnited Fresh Produce As btips/immwtunitediresh.orgil/ocacyiotednnoledy o gy , t

74 National Pork ProducersCoun¢iINP P C) , “NPPC Launches “Keep America First i
release, June 25, 2019; and N Phtps//fipBceordfafa Amer i ca First in Ag
75 bid.

®National Cattleman’ s 20R:RolicyBoskianuary2021i on ( NCBA) ,

"AquaBount y, Hhtths/laquaboultyammboutus(accessed March 24,2021).

"8 5ee, for example, letter from eight Senators to FDA Commissioner Margaret Hamburg, July 15, 2011; and letter
from 15 U.S. Representativesto FDA Commissioner Margaret Hamburg, July 15, 2@ithsdtdonyoung.house.gov/
uploadedfiles/fish_letter_final_final.pdf

79 FDA approved AquAdvantage salmon before the enactment of the National Bioengineered Food Disclosure Standard
(the Standard), and they are not requiredet¢tabeled under the Standard. Proposed legislation that would have

required GE labeling of salmon regardless of when it was approvedindiue®7QH.R. 1103 andS. 282

80 For example, §778 of the Consolidated Appropriations Act, 2602L (116260 r equi res t hat “t he acce ]
name of any engineered animal approved prior to the effective date of the National Bioengineered Food Disclosure
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Or gaAgxiculture

Various groups TrTepresenotmpamlgi ¢ ithees ormr eglaantiecd steoc tgoern
in agrWSWAtNateional Or g athaincd Portchgerramr(gM@HA )X cer t i
ogreaxmsl ude@c anye pror genmpeuttisc ienky@plmveidntden g . or

ganic TradewlMedbesd anti » no rrgeatnaiicl efrasr,mearnsd ot her s
ganiics s wuadlea 2011 cpaolllisc yf opro sai tmoorna ttohraitum on GE
riculppmantdat ory labelimngdoff obhipsodwctontinue
her issues rel a®EdOK o( GeahieftdeniemgCarcerfingd Or
g acneirct 1 f yainndg ternatdiet yas s ociation, opposes the us
ricult uvarnsdlu ppproad w c®PHo Iliacbye Ilpitnsgi. Naonenalf ©r ganic
al,itwbioomls i sts of member or g artiazkaethioolpdpeortsthat r e
e ipishon of synthetic biology,candtigcdmeme edi't
tional Bioengineered Disclosure Ste®@wdard as i
b
0

o
-

Oz T O 0 0™ o QO
O SO0 = oty o

IS

e’l)i negxkp rceosnsc ern over the unintentional introd:

products thfeugh,gopwdl 6Ehowraffsffieal)dsf.r om

Advocacy Organizations

Numerous advocacyinogr garneiezmpeiomes,, Hmicdmdls of t he
Food Safety, and Food andr Waniemrg Wad mhai qhmmsv ea gnaint
agricgdtnatriad &BThéenmeecampaigns publish infor mati
commer cial eitnhtiecrse sotfs ,GEampd oducts, and they have
biotechnology applications

Ot her organizations, including the Biotechnolog
organization f oumdeed niant i109n9a3l) Satmi do ntethaeO ft dprhi he Ac
Appl no a t(iloS AAA, an international nonprofit organ
the use of biotechnology. These organizations p
biotechnology and informetpopoowmprometunag ahd eth
advantages of biotechnology applications

e argued that f un édiing efcohrn oal dbvgoyc may amtt it
ology organi®Tahe oGen eptoil ca r(lGzkeRsyaat chye Pdredbjaetc

Some ha
biotech

5 < 0@z

Standard (February 19, 2019) shallinclude thewérgse net i cally engineered’” prior to the

EH

name.

817C.F.R. 805105 For more information on USDA’s National Organic I
Or gani c P htipg/mawamsusda.goatboutamsprogramsofficeshationatorganieprogram

820 ganic Trade AOs@anati dnadO®TA9so¢i,a’t iJoud’ys 2P8o,s i2tOiloln, oant GMO
https://ota.condrganictrade association%E2%80%99msitiongmos(accessed March 24, 2021).

83 CCOF (California Certified Organic Fate r sGenetic&lly Modified Organisms/Genetic Engineering a t
https://mmww.ccof.orgdolicy-advocacygeneticallymodifiedorganismsgenetiengineeringaccessed March 24, 2021).
8National Organic Coali thitps:Hww.rat@aalorganicooalition.guFneticengiriearing ” a t
(accessed March 24, 2021).

85See, for exampM@s omaée®pera chetPséwwigraenpéace.qughsustainable

agricultureissuesgmos Friends of t he Ear htips/fo& digirajectsgeneticangineering2 er i ng, > at
issues; Center for Fo o dhttpa/fwewcenterfoffaddsafdtyosgiuesilIhetoadsand Food

and Water Wa thiths//wwiv.fodi@ndwaterwateh.opgbblemsgmos

86 See, forexample,Lisdo r ni s h, “Understanding t hDBevegdanuary 222018, aDp posi t i on
https://mmw.devex.conmewstinderstandinghe-continuedoppositionto-gmos91888 and Li sHowddor ni s h,
corporationperceive their role in the GMO debatePevex May 11, 2018, afittps://mww.devex.conmewshow-do-
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nonprofit organization that publishes & nfor mat.i
compiles and publis hebsi odatcah noonl otghye ofr gpmdiimwag tad fo ns
biotechnol® gy industry.

U.S. Regulato€CgobSgshamed Fran

Wihtat ew exceptions, the U.S. regulatory system f
little sabé¢eshedwan ¢986. At that time, no GE »p
anmodern biotwec¢chwe Homfya wta’$iTnkd ursetgruyl.at ory s ystem
below adapt edvhe xihs tpirnogv ildacwds r ¢ @ uleatnbagrdye malt hor it i
agenetime snew purpose: ensuring the s aftehteyn of Dbi ot
known andfadttuirei g atdehdt @ lcAgmiiagqsmwas bi ot echnology apryg

applications have arisen in the decades since t
government has revisited thisamdngteeamgtelmhcyugh 1in
initiativdsbyc ddhred Mhdttee Hofis 8cience and Technolo

The federad gB886rcdhimeatted Framework for Regul ati
(Coordinated Fr amewaqkFRA, gaowd rtnlse hlo.wS USDmMAvi r on me n
Agency (YEPARYisatpipdg séeéndué¢resut ob icdvtaclmlmf eltoyg yo fpr od
(Fi g6rd key prifooplidFmafmetvloe k psy otdacntesguwmilcatoa di n |
their characteristics and unique f eatthuarte si sr at he
whet her or mnot they werTehidse vaeplporpoeadc hwict chn tbri ast tesc h:
approach of s omotaihd er BHetehrattgmilgst oducts differen
depending on whether or not they weapepldye vtehleo p e d
precautriionma epy ep dvihing hpmoduct should not be appro
there 1s ssaiantyi riegavmddearg t he r,skextt hmagdt may

OSTP updated the Coordina%®hle Fa apnpedvioirgks di nf ulr9t9h2e 1
policy guidance to federal agencies and summar.ii
bi ohtneocl o gy product s

corporationsperceivetheirrole-in-thegmo-debae-92507

8%For additional inf or mMissidnpFinancial TranaparenGy, Goyernorship, aGdERlitorial
Ethics and Corrections” https://geneticlitereyproject.orghissionfinancialsgovernorship/T his web page states,
the GLP’s goal, t hrough our website and outreach effort
educational materials, organizing public and private conferences and initiating briefings with
regulators and government officials, is to prevent legislative overreach grounded in ideology rather
than science, help in the creation of reasonable ethical and religious oversight of biotechnological
innovation, and encourage cooperation among academdicndustry researchers, all in an effort to
promote the public interest.
8GLP, ‘GM®Ot Advocacy Fun httpsy/antigheadwdaeylundifig a t
tracker.genetigteracyproject.org
89 Executive Office of the President (EO®)ffice of Science and Technology Policdordinated Framework for
Regulation of Biotechnology, Fetleral Registe23302, June 26, 1986.
I bid; and FDA, “CIl ar i éngitiliieg DeGaribed ia the Co®dinatedsFramewark f&r ¢he p
Regulation of Biotechnology and Developing a Lehgrm Strategy for the Regulation of the Products of
Biotechnology; Peddral RegisteRE3@2tJune28,, 1986-6r h compilation oihformation and
resources about U. S. biotechnology regulation, see USDA, FD
Regulation athttps://ushiotechnologyregulation.mrp.usda.gdpatlechnologygovesourcesagiunified_biotech_fags
9LEOP,0 S T PExercise of Federal Oversight Within Scope of Statutory Authority: Planned Introductions of
Biotechnology Products Into the Environmerit Fédé&ral Registe8753, February 27,1992; a@bT P,
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Genetically Engineered Regulatory Principles of the United States vs.the
European Union

The United States and tHeU applycontrasting approachesto theregulation of biotechnology and tolerance o
associated risksThe U.S. approach groducbased while the EU approach jgrocesbased as described below.
Fundamentadifference in the principles that guide thesgpproachesirive much of theglobaldebatearound
biotechnologyproductsin commerce Regulatorysystems may differ among countries, butthe guiding principle
underlying these systems are likely to align more closely with the principles of either the United States or th

United States: Principles ofthe Coordinated Framework for Regulation of Biotechnology

The U.S. regulatory approathproduct-basedlt endeavos to evaluate the risks of new products with the same
laws, and to the samstandardf risk, irrespective ofwhether the product was developed with biotechnology.
The Coordinated Frameork relies on the following principlesamong othersas quoted from the 1992 updateto
the framework:

1 Federal oversighdt f ocuses on the characteristics of t he
which it is being introduced, notthe processwh i ch t he product is creat

1 O Eercise of oversighfby federal agenciesh the scope of discretion afforded by statute should be based
the risk posed by the introduction and should not turn on the fact thatorganismhas been modified by a
paticu |l ar process or technique.d

f o0ln order to ensure that |imited Federal overs
greatest net beneficial protection of public health and the environment, oversight will be exercised only
where the risk posd by the introduction is unreasonable, thatis, when the value of the reduction in risk
obtained by additional oversight is greater th

In practice federal agencies have promulgated regulations specifienetically engineed (GE) organisms using
authorities provided by preexisting statuté&hile some have lauded this approach as eviddnased and
supportive of innovation, others have argued thasiinsufficiently cautious and ignores risks associated with
uncertainty.

EU: The Precautionary Principle

The European regulatory approaghprocessbased It evaluateshe risks associated with new products
differently, depending on whether or not they were produced with biotechnoldggh e Eur opean C
2001GMO Diredte (Directive 2001/18EC), whichregulates the deliberate release of GE organisms into the
environment is guided byhe precautionanprinciple The European Commission does not defités principle but
describedit in a 2000Communication from tB@mmissioon the Precautionary Principle

T OoOWhere action is deemed necessary, me a s uineedia b a
proportionato the chosen level of protectionnonrdiscriminatonyn their applicationgconsistenwith simlar
measures already takebased on an examination of the potential benefits araf aotts or lack of action..,
subject to reviewn the light of new scientific data, acdpable of assigning responsibility for producing the
scientific evidencee c essary f or a more comprehensive risk

In practicethe precautionary principle has been interpreted to mean that a biotechnology product should no
approved for use so long as there is scientific uncertaiegyrdingrisks (e.g., societia environmentalthat it may
pose.While some have lauded thapproach as protective of people and the environmesthers have argued
thatit is not evidenceébased andioes not account forisks associated with not approving such products.

Within t@eoibdiomaltead hFer gmawerdk ction of the vario
how the GE products are used. Jurisdiction, aut
discbeidfoadr USDA, FWAf hands bRagl t wr dFn ppgroadcutcitcse.,
all three agendipy obevdaarmer ¢ hdet ahelnec t obedgbehdw
approving the development and commercialization
uses (e.g., Thbhafmaddmgmaal s pi.opno Isiicnyc ea sls9u8nbp th a s |
biotechnotgsguyc hp racsc egsesn gptoisce ennog iunnei eqruien gor, s pec i al
the gener adle Mfarnadme mor new 1 aws beatgloan dhd dlotsle, ad a £ a
e fi £ aacnyd e n v i r o nonfe nmoarle itmpaditt i onal production me

“Modernizing the Regulatory System for Biotechnology Products: Final Version of the 2017 Update to the Coordinated
Framework for the Regulation of Biotechnolggy January 4, 2017.
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Figure 6. Primary Legislative Authorities

of Federal Biotechnology Regulation

USDA

Plants, Other
Organisms (e.g.,
insects, mushrooms,
microbes)

Plant Protection Act

EPA

Pesticides

(including those
incorporated into
plants through
biotechnology)

(7U.S.C. §7701 etseq.)

Federal Insecticide,
Fungicide, and
Rodenticide Act

(7U.S.C. §136etseq.)

Animals

Animal Health Protection
Act

(7 U.S.C. §8301 etseq.)

Veterinary Biologics

Virus-Serum-Toxin Act
(21 US.C. §151 et seq.)

Source: Figure created by CRS.

Notes: TheCoordinated Framework for Regulation efBiologiyncorporates provisions in statutes beyond the
primary statutesidentified in this figure.

US.Depart mAgiti odl t ur e

Two USDA agencies engage tha ArhiemaClo oandd nRItandt FHeaa
Inspection Servicsepaantdi ¢ h eS &Frowide gluadfded dyd Dlam tAP HI S
and other or ganipslmpretanrd onrodxi inogs; btiowttehethimo b kgy pr o«
t hat are amaigmuauls ep edbitssecgostreoncidkn v et ¢ rFiSnlaS yr ebg wll stga s s
fopdoducts pdroenpeasrteidc flriovme st ock and poultry.

Ani ma l Plaanhit a l1lh hpe cYeirovni c e
APHI S regulates agricultural biotechnology with

/| ORDOUE@UT
USDA primary engagementclwnohoghehasghdaniohr odg
oversight of @GEaptalPtrotweitdtoht Bet {7 RBMHeat tsheq. )

P P,AP HI S regulates the impoetwitnommenmndabkrmsdlaeas an
(inclfucdilndgotfe sGtEi pdpagtani ddmd otplompl aprets t.PIk & n k

pesitiskf erpotenthghrfyordamdgeecase in any plant or
resulting from introduoitmgotoantdiasls etmd naxaagr bhatp
pe’stimpac’sPPMPgHIlSaacari o@E or7g aC§3IEs. @Rs. friengcul at ed

arti(dlteiser ganis mst hsdisibe§ ercetgmbomtricompsd ant s ), proces s ¢
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o

etermine whet hemrd thhoew APRI S drgeuglulithdide, s APt thleSm.f i n a
rulethpdaet rrgul ations

or APHI2Y 2a0s, s e spseesdt trhiem kpWwoali Egrvagaredlyes s of how
ilaraGEt vwtrlsiatt yAPHI S had @&Praoldivactte dd e wme Itohpee rpsa sc
k ARRItS rmination of whether degeWwadtedaait mch
ouAPhHMtAme I Re’gpurloacteesds?. Regulated articles r1egq
ir importationoriemernyoamentmndns pbeaseion, us
ces sp¢ nswihicenu tdwfe mloantc ons i der emedat hneorx i ous Wwe ¢
n Rergdas .dl es s usfe da lf ¢ ewarstoamptlset g d ,comal devedt bhper
r
r
e
a
e
1
r

[

egulfired APHISs the typical route to full ¢
dinghtee king nohe e¢ga Wweakse g eesptraorvieisdd,et tAP HI S wi t h
nsive information on plant biolloagngsand gene
c ¢ © wleldsautl t fr om t hewoawldd fa chablu cemn. v i APoHnlnSe nt al
ssmmkenrt t he National E@2i UofSm€nt)d hdRdd e ec s & qr
ic comment periodgrbaemitnegar | d¢ & dddesttenrtmmilsneat thieorn t
egul ateeddu rstthaetru sf eednedr al 1 e g u loart oortyh eorv eorrsgiagnhits

BEO e =0 o0B®wT ot nng
cEvgxXx<o " TDoo ="
Bowd ~e 300 e g~

I n 2API®i,s sued a proposed rule to exemgulatoveyal
revaoawer ,t hamigtP BA years of @winkdnocaliiwdiecnagtiinreg rti
with a plant pest as a vector, vector agent, or
that present¥®Thepbawmtplopebdtrrhek.sitatendgitthadr negy
technologi osa esducdh nags glonnot engHWAPHIWSIi th plant
final i“SECURMTRm 1 Ma y*®> 2020 .
Unl i ke rtehgeu IpartUViBoPnAS ECURE rubkqudoesdashoaes APHOhS 1 is k
of everyanewt GE I 1t apiprlricenst APnHllpSe s t amids kgt ofepta
broad categories of new plants from review:

APHI S~ evaluations to date have provided eviden

with a plant pest as a vector, vector agentjonor does not result in a GE plant that

presents a plant pestrisk. Further, genetic engineering techniques have been developed that

do not employ plantpests yet may result in organisms thatdo pose a plant pest risk.
The new regulrattaiiom sc aitdeegnariifeys coef modi fied plant s
regul®®fheoms .include plants that APHIS considers
conventiona)]c ebrrteacidae dggetnéodmegar i et i es ) and t hose t
s i miloarGE ypltants for which APHIS has previously
deter mined noDe vteol obpee rrse gcualm draelg w ensatt i @ nw if ir totme AP H
plant is mnot suPB]Jaatstohthearegunbmtlmdamwmmpyt smws tus

92 For example, under the regulations effective prior to the SECURE Rule, the same gene introduced into two different

varieties of corn required separate APHIS assessments.

BAPHI S, “Movement of Certain GdederalRegiateP85%4, JEne§,i2018.ered Or gani s
94 Under the proposedrule change, APHIS may evaluate new plant varieties created through gene editing for noxious

weed risk.

9% U S D A Movément of Certain Genetically Engineered Organjsriis F&déralRegister29790, May 18, 2020.

SECURE dands forSustainable, Ecological, Consistebniform, Responsible, Efficientor additional information,

seeCRS In Focus IF11578) SDAG6s SECURE Rul e t o RegulbpGemeveedKrGraftarldt ur al Bi o't
Tadlock Cowan

9% Only plants, not other organism types, can be exempt.
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review, which replacEBbrt & hice wfralolro wed ity om maw cpece
process, which replaces the prior mnotification

OD OEIOOU I
Statutes cited in the Coordinatedght ameswnor k als
biotechnoltolgayt paroad vaomhignaauls ep edsitsse aosral ivre tleirviensatroyc k
biologivcis uesg. serums, )U0UxdadAnifmal alMadanlatlth vEc ot &
Ac(t AHP A, R8I0 S .eLt. seq. )boAPHY St hases heiabwator pro
importation, transportatliocanei-mmancé¢ GEiIi mgamawnal r
GEanimabs prevent the introduction a¥Yydndemread of
the -Yer-fmxins Act ( YSSTA,et21sdlgS) C. APHI S has the
t hat vet er—+innacrlyu dhiinogl-Gldiecrsinwle ch-edni @ l pgres safe, po
and effective. APHIS licenary hinadl ocgoinctsi.nues ove

FoofHa felhy pecYeirovni c e

Within the CoordiBadtello Firtaynetwoo rrke, g uFlSaltSer & pr o d
stattuhFeceder al Meat(FMhRApeclUd.§G00IG. Mtctce RPoul t ry Pr oduc
I nspec(PiPdnA2Alc t .59 . ©,8a nklleqg . Egg Pr odu¢EtPd AL nLplectior
U. S§1M.31 rWnderq.t hese statutes, FSIS has the aut
wholesomenes s, and correct labeling of meat, c a
mgnded for human consumption.

Fede PniAgdmi ni stration

FDA regulates food, animal f egepd ianmdadriitliyv eusn,d eand h
Federal Food, Dr HEDC2AIp dU.&N0slGne)s eaqn.dActth e Publ i c He
Ser vi PHSAQRt U§SQeld. )sFeDJA r egulation is intended pr
t htahese foopgesendodrugks DAorkgmdatheabt hnclude
plant s ,anadn iomtahlesr or ganisms produced with biotectl

/| OEOUU

Un d eer FtFhDCA, all food and feed manufacturers mu s
products they market are safe and prfepadrsly I abe
must meet t hewhseatnhee rs toarn dnaortd st pd pWade rdethieved fr o

FFDCRADA mus t anayp frooowlb cafdadr ¢ mmate keeatmerndb e s s i ¢ he addit
generally rec@Rpni zed as saf e

AMa ¥y 992 FDA polcilcayr isfti®tde HdDmAt policy with respect
pl a®dRBATr emrotsst foods derived from GE plants as GR

97 Under theAnimal Health Protection AqfAHPA),animali s defined as “any member of the a
a human) ”8302Z(1))Vandd/estockisdefinel as “-mdils ¢drann i m88302(20)).In%thisU. S. C.
context,animalmay be interpretedto include mammals, birds, insects, and other animdilseatutkmay be

interpretedo include horses, cattle, bison, cervids, camelids, sheep, goats, swine, and othaisadanimals.

%BFor more infor mat i GenerallhRedd@nixed, as Safe (GRASD Mtps:/iww.fda.govibod/
foodingredientspackaginggenerallyrecognizeesafegras

®FDA, “StatemEobdesfDPomilved fr om Redewal RedgisieB2084 Way 29,61992;e s , ” 5 7
and FGuilanceforIndstry: Consultation Procedures under FBA 992 Statement of Policy for Foods Derived
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t planGtE exhppimesgses pdwd etim §d,i fcfaerrbohydrat es
f ntly in structure, function™®r composi
s u t anc,e sormatyh ebye maRMPASboeo dc oandsdhied cilr¥edd2 tpool i ¢ y
me¢etf otoklat and feemdyusfromdd&GEgplantgpecial rev
t Thhmsed 1 dt he wGhlpl det anedndws hosadabt ncabharn
daf ccechhhenrge introduced throdghe geunneéxpeengdng
ts, changes nutlreiveenlhse istnotortdadkii tcoaonnt g hl tevvaerlise tfy
d uvaclel ear gneenw

— 0o »n 0 v .y ot
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e nc osuproangseostr s of foods pildind epastidlerpatead ifmr om
uRPliany Biovashhibhhogtwemhke pe svspohsoegulatory
pliGEc planer dekhkalveproutinpt pgsmiamt itchiep aftied ti n
h cons ulltna t2i0on9 ,i nFDA99c4oncludeantitgedetsdalloy:
inegead meiWidtfihk wn g x ctehpeo 0 d n s atnhda tf eFeDdAs has r e vie
e noéondeeared to caomd atinhmmt HrdbolRlh mmlada vt a b e
or to marketing.
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T 50 v o<

unkDA OpOubb,]l i s hed new guidance under which de-
nded —fionrc Ifuodoidn gursech g e m e t h etclalny pernogviindeee rFeDdA wi
infabromatt imenw proteins they are us'®ng in the
Early Food Sa(faltsyo Fvmdwntdona PNioosgrRmot ein
gned to take place eanvdleuntiaar yt hpeg wdnetv ebl iooptneec
ul tprtiioem $samadgh of devel opmmegfhth avdlvedr tae nntelw pr
r the fdedignpglyhi §DAarly ¢ ons uflitealtdi on t o
ing ot hG&Eu ghroolplsionsast i on —wiotuh doi hedverobpnatly i
]l amowntwsohe!f foodhdApbhbbay note.egv.al upaotteednt i al
ller gens ) .
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OPOEOU

DAarse gdGEt@animals under the neW2IldrW3ed &) visi
ince masabugngddmce oW¥Tk2h0ePd bipdy ide 2t0i0Mi es t h
rtGtcHe new a#tihmalr INAigc)onstruct in a GE animal
tructure or function of the body of the GE ani
ay be producedThytthe G&E saymat he’'sPNMAomeserted
hrough genetic engineecerilegeliopemwmnnsaill 6GEE da mi mea lws

er iamddnal pr oduc tnse wnuasnti aopbptr bdevifaockli A 68 hemals and
prodaant sbe marketed and sold
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s
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from New Plant Varietiess” Oc¢ct ober 201 7.
WEDA, “StatemEobdsfDPoilved from KRedesal RegisieR2084 Way 29,61992.¢ s , ” 57

10lFormoreinforma i on on FDA’s Plant Biot echn oCQorsgtgtionRragramslon at i on Pr o
Food from New Plant Varieties” https:.//wmw.fda.gv/foodfood-newplant-varietiestonsultatiorprogramsfood
newplantvarieties

102EpA, “Recommendations for the Early Food Safety Evaluation of NewResticidal Proteins Produced by New
Plant Varieties Intended for Food Us€ Fé&déral RegisteB5688, June 21, 2006

13F DA, “Regulation of Genetically Engineered Animals Cont air
Guidance for Industry #187, #ederal RegisteB057, January 16, 2009.
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In 2017, FDA nseuftdr dr @Rlatg uglmaytdieaonn tohfe I nt ent i onal
Genomic DNA"¥ThhiAsnidinmad 8t guidance updates the pri
regulated arctoicblDdNAwma® ns he ucc t , to dathiene t he reg
“i“ment i bnat byd ge’iFdmllieccs chNnAb.ent i om@dl eg(aln@Amine

term that FDA-—sseamipdhpthamigesd introduced throug
biotechnology tecdmbigmasst w dMNIA caush atihgbuseesn ott h a t
Thgwance expands GDAa wivea issi cglldutedrea it ehdo sfer om ge n o me
editltnglso EDAni €nds tbatxercise enforcement di
int ent iemnf orocte tcoert ain requirementssfdarhaani(nmal s
are regulated by o¢thpPrageveanmedtangemscaedsin co
conditoeng3) other cases basSddGEnaklbDhadswalimatl uad
GE insects re@hlhaldr dify o AlBaH hsSpiengaalfggplb e Fi s h
(@aquarium fish genetix!®lly engineered to fluores

FDAlho®s addressed the rlrgulRAaBA on lfeifansaeindi mad k c 1 on
assessment and industry guidamead acomttthe ,s pfigty
goagas s wetlhle iard néfTfhsipr g u i dtahnacte sfuocuhn dpr oducts are as
those of conventionally bred animals. FDA also
animal health as thedethowmghi mtahmirmalsss icsrte d 71 e
alt hough the frequencwuleod amlchhd tperso bnl etmsr a ¢ u thrieg h
premar ket approval of food products from cloned

Envir onfleondteilAgre ncy

EPA registers an dp laapnptr opveesst itchied euss,e dodfc tlauldle m gh t h o
genetic ¢nptmwmendacompor at e dolpBrso)t redFdera rttrtmel I ns ect i ¢ i
Fungicide a&n AERB BAUt J§c36d )sEePghs es t his process t ¢
detemamiPd®Penvir onnkePnAt all swafetgul ates pesticides w
healnder U hEPBRFOLCAablishes tolerances (i.¢e., s a -
Prr-commer alabecio@mgsough a s ys t(feorr esfananlodt efsfitiec] adt i o n s
experiment dflorusleatpgehrtmhAftasavlid hesticide, EPA requir
manufacturer of a PIP to obtain ad rteqgisnsrmartd oint ¢
safe use environmentally.

Pending PrdpbesRégulation of GE Ani mal

As of the writing of this report, FDA regulates
or i gli9n8a6l Caotoerdd iFnr a me wo r k @aEn tfiocoidpwaatnel dhatblea tr e(glu)l at e
by FSI S hFeMldAe ra n,d 2afaPnGyB anwmal d not differ substan
no@E anim@3d¥yh,esendnimals would be subject to the
regul at -Gl sa naismanl,osnFiDiAngi 2ididlo% it s rG@Ruvdmitmaolns o f

104F D A Regdiation of Intentionally Altered Genomic DNA in Ania 1 Braft’RevisedGuidance for Industry #187,
82 Federal Registe6561,January 19, 2017

105 For information orintentional genomic alteratiofEGAs) in animals for which FDA has used enforcement
discretion, i ncl u thientignalGhamitAlsetationsindArimalsIEAfgrcerhent Discretion a t
https://mmww.fda.govdnimalveterinaryanimalsintentionatgenomicalterationshtentionalgenomicalterations
animalsenforcementdiscretion

106F D A Use 6f Animal Clones and Clone Progeny for Human Food and Anima) FeedGui dance for Industr
73Federal Registe923 January 16, 2008
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and ani mauln dperro duhcet snew animal (ds‘&Hegd efdravlgi si on of
Admini st ratdemt i fying the recombinant DNA constr
Nonetheless, devel operesy iof dGP raomdiunccatlss naunsdt ogfa i GE
approval.

In Decembers 20280, atyUSDAviFedareagbifsitpeeroposi hg a

framework to mooer thienramgurhalts ogemwmdt ically engi-
purpbsem FDAIon USdDrAuary 2021, USDA and the U.S.
Human SEHHS)Xx esi gned a memorandum of understandi

committed to establishing new maghkkdt oryipwogtfa
agricultural animals through federal rulemaking
ad PPI A. FDA committed to continuing i1its Tregula:
animals for nonaigedeirctualitnu roatlh epru rpproosdeusc t s, incl ud:i
eggs, and cer US DA medd BhPiAtotdard ttstoh evio rtka ngc h ogwee
comprehensive regulatory oversight.

These proposals were pfutt hfeo rTwaurmdp aAndenti Inte hs ¢t irnaatli ow
obj e c ttihoen-sb hoafn s soifo nF€AAsS. of t he writing of this 7re
seen whetpeopobhads will be implemented.

Defining Boundari-6E Bfo&GlHchsad

In some cases, the GE status of an agricultural
comingling -GE @&t eandahoamar unresolved questions

treatment of new and emer gi-hgvéelcphmos ogdesof TGk
in ot hetGWifeodonfeed, and gr aiendi,t eadn dp rtohdeu crtesg,u l:
discussed bel ow. These 1is s uee aanrde irnetleervnaantti otnoa Ib
(see“Babsechnology ”3nd Global Tr ade

Lokevel Presence of GE Material

Low evel prerseefnecres (tLd PPmpye armmicdke mtfalver y s mall am
material in a, febdmhbDeedy at gnginime during pr
storage, or mar keting. Presently in the U. S. gr
are permitted to contain some specified low lev
ker menlds ,l eaves. For example, U. S. grain standar d

2% for ei g°hl nmattheer icaolnt ext of bioteatdlvehdgy)j oUSP a
preseré®rthe unintended inclusniGEn cofmm@k cmat e 1f od
feed, ¥WThgmaidental inE&LRheonthe &GHowaumse has
aut horized for use in food, feed, or grain (1n
international trade) andhaes GEdventictei hwus modes dr

WUsSDA, “Regulation of the Movement of Ani maVFederalodi fied or I
Register84269 December 28, 2020. FDA found that insufficient information was available to make a determination on

cloned sheep, and it did not examine other animals.

1gee Sarah Owermohle and Adam Cancryn, “FDA FDglyss ”for 1Inde
Politico, January 12, 2021.

1097 C.F.R. 810.404

Wgee, for example, APHI S, < AP HévslIPresericeof Regulated Geretically n di ng t o t |
Engineer ed P 1 daderal Registel464% Masch 20, 2DQ7.
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(e,contamination from a field trial of a GE crop
appr é¥val) .

As more crops and acreage are devoted to GE wvar

t heir stermaccee-Gipnreman et ies. Beyond setting thresho
protocols, a related issue siogy afs&GEsphagntisabrbiv
to the environment. For examplecompawhes echtecmrt

liability with producer sThainsd iost haenr so nwghooi nugs ei stshuec
expor tBsi o(tsecchnol ogy ”)aand Gl obal Tr ade

APHI S publisthhhedderabt Reg¢ bt 2007, describing it

responding to the LLP of regulated GEgthpl ant mat
used for Wwddr otrhifsc eplowoulde nsntLjbPcteaemtoagul at o
unless APHI S determines that it is likely to re
pest or n¥¥’xious weed.

Regul ation -bbdi tGed oPmeoduct s

Since the emerCpesndcad nof20ABL Shhas idass ehafpidi adtopdn
genome editgqugs tieethmilyjaaee arisen regarding its |
that assess the safety of foods developed with
of genome edit iunlgd inno ta ghrei crwelgtuuraedg esdhms GE produc
the same manner as the pPBSOaodme tosf otfh ecsoen vaednvtoicoantad
argued that because genome editing does not nec
which defpneducts of genetic engi,ntedbreg mmmts om
meet the definition of genetic engineering. Ot h
genome editing could other wise be froeuenddi nign, nat u
albeit on a much || ongeedri tteidmeplriondeu,c tasn dd ot hnuost gpeonsoc
risks as GE product s be ¥ agrestnboenre acrdg t menrgt s ss tmotre ftp
targeted than other forms of biotechnology, it
In contrast, some Javidepr opgaad stmsats hgaddmbde 1 e
manner as GES oomeg aonfi stmhse.s e advocateas thealv o ragraghu s dn
may experience unintended genetic changes or de
environment, and close regulatory oversight 1is
Beyond tihems, quesd¢c¢erns have been raised about t
editing in agricultural products and Wow such ¢

111 see Food and Agritture Organization (FAO)Technical Consultation on Low Levels of Genetically Modified
(GM) Crops in International Food and Feed Tradeechnical Background PaperPC-LLP/2014/3 March 2021,
2014, p.5.

L2APHI S, “APHIS Policy -bevelResenpenhRégulated GeneticalljhEngineared Plant
Ma t e r i kederal Registel 4649, March 29, 2007.

113 gee, for example, Biotechnology Innovation Organization (BlS)je Brief: Plant Genome Editingt
https://archive.bio.orgenomeeditingplant-animatgenomeeditingissuebrief-plant-genomeediting and BIO,Issue
Brief: Animal Genome Editingthttps://archive.bio.orgenomeeditingplantanimatgenomeeditingissuebrief-
animatgenomeediting

14 gee, for example, Janet Cotteddbana Perl€GeneEdited Organisms in Agriculture: Risks and Unexpected
Consequences§riends of the Earth and Logos International, September 2018.

Wyroachim Schiemann et al.  —PFEldictioersi aln:FroRfikravicRiantSeiencgeme” E di t i n g
vol. 11, no. 284 (March 11, 2020).

Congressional Research Senice 31



Agricultural Biotechnology: Overview, Regulation, and Selected Policy Issues

Within the federal government, USDA addtHbA hav,
of geendoinmteed agricullU.uS.alRepgruoldautcOtosy r (8syaseat € end
FramewWh&reass USMDAO revisionegudl attisormbsi oumddcdmotl log
Health Act ska&mpeadeiyt cedkl®dpidphtn 20 ] 7 draft guidance or
of animals developed through biotechnology expa
FFDGA new animal dr uge maemdev t ©£ dd'fa nti maidsclude

GELabeling

Consumer groups have long advocatceodsfuomre rtshe 1 ab
s houl d hobpapvoer t u@mé ttyh¢ oGE status of their food and
their own viewsuabiotuy Mamyshpfadtow.d veddqgbi ot ec hnol
induhoaowpopodnaendaGEBbalbel ing. Among ot hetrhatoncernns,
consumers might ‘wWwntarmBethplbEildgbehatas he foods
nutritconyvenhanndeds fiotoedsscientificTreid@hee 1ind:i
enact mBnk.-201fdt4dhe 20 d 6 aBtdhieg hNadt i onal Bioengineered
Disclosure Standakwr dpget hiarh®t dSmtdarteedsy ewauulrde s o me
for @Eodbel iogokage disclosure oflGEDAoods or fo
Agricultural Markespogs$od&tevifaseiMathMSa)t otrayn dlaarbdk 1 i n
ThNational Bioengineer &)dAl o m gdiveidaitmshd al toasnugraes dSt and a
vairi@duntary poodmnHahbBelsisng onsumer demand for 1in:
GE content of food. These idetuedelpubltiendndept
the absence of GE ffededraddrftopdodndpbabdtiengs fog
scveral GExlasbhphbgmmcecbhediscussed below.

FedeReaslponsfidbi 1l Edogd Labeling

FDA and( UBDAugh eF$Sh®) primary federal authoritie
foods sold 1inartehes aldnei,t ewdh oSlteastoense, and properly 1
mis 1l eb%FiDnAg released a policy statement on GE foo
c astelse s e fsowbdsst aamrteitaol Fayb mfioomidsarand do not requir.
regulbatilabel ing beyond whatGE sf dfdAdqduei gracld dfeocri scioon
n 2000 uph®FBDAtthégquipwodsclyabeling of GE foods t
haracterist thaGEdfiddeds, f¢2m cooomipkantroawbnGE mo n
llergenic es, or (3) have etegateddlewvels
d uhia

i
c ics
all sour c

identify the dif freate nrte gguhiarreadc tteor iisntdiic® mainedr tihse G

116y S D A Movément of Certain Genetically Engineered Organjstits F8déralRegister29790, May 18, 2020.

WEFDARegulation of Intentionall PraiARevisedSuiddnceGtomnaustiy#7DNA i n Ani n
82 Federal Registe6561,January 19, 2017

118 A disclosuremay be a discrete statement or symbtabelmay provide more comprehensive information about a
product. This report may utgbelingas a proxy fodisclosure

119 For more information, se8RS In Focus IF1065Qnderstanding Process Labels and Certification for Faods

2WFEDASt it ement of Policy: Foods 5TFederalRagiéteePa84May 20¢1992P 1 ant Var i e
Through this document, FDA permitted voluntary labeling to indicate that foods have or have not derived from GE

plants or animals. For updated draft guidance documentB3&eGuidance for Industry: Voluntary Labeling

Indicating Whether Foods Have or HaWot Been Derived from Genetically Engineered PlaRégulations.goy

FDA-2000-D-0075-0017, updated March 3, 2019; and FD¥oluntary Labeling Indicating Whether Food Has or Has

Not Been Derived from Genetically Engineered Atlantic Salmon: Guidancedastry Regulations.goMDA-2015

D-4272 revised March 11, 2019.

121 Alliance for Bio-Integrity v. Shalalal16 F.Supp.2d 166 (D.D.C. 2000).
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t o enacPt.hedlldotfhe federal government did not 71 ec
such.

Mandatory LalNaetimmpgal Thicoengineered Fo
Standard

In July 2016,tIConk0d k6. sAc acted .
P. L.210)@&% cquiring US D%lgutie?.nl\latlonal%loenglneered Food

estarhadndat amy loafb ebli oen iS(HOéUéerStgqgard Symbols

f ood prtohdeucSttswntd hrt d {
yea®¥Bhe 2016 Act fol
societal debate abou ng, and
it marked the first al
gover nmeman dvaothe sdc h o s
t he pr eGsEe f ® ® dmfs u(hie r §
2016 Act and the Sta
bi oeng,i neleirceldt o0 s GE ) m o Biefivedthom
AMSf i nal irzcegdi [ otnls e Hoenginearey Bioengineering
St andRedember 2018, and mandatory
compliance begiTahse i n  JPOAGE figre cieated by CRS froSDA,0BE
Standar d -oraccakua o ee sd iosnc ISémbo!Q athttps://wvgfw.ams.usda.gmu!es
. . pr q g re u?atlgn%e% mb%]s . .
bio ? nginee r. ed . foods 0 Notesf I%o(asahatrhe& (gitgriaeinqh}é Sanild:grd%nustV 1a
op tions whattiemcltede, display tAB®iobndineered symbol. Thexderived
(FigWWreeliec tarondi git al frdnbigenkineerin@symiabl may kee displayed on
mes s age. Tdhoee sS tnaontd aarpdpfdodg thatdanot meet theriteria butderive from
certain meat, poult r y poengingegd fqsfeg. reflped igods thatdpngt (7
U. S§1®G.3B» )y refinelapr écangndgegable modifiedNA).
not contain det ¢ e foghbllse, .Tslowlg SrtiseddedndNK i es cert ain
e x e mp,t ilommcsl uding food ser vedveirny rsematlalurfaonotds , f o
manuf aPtamfdebp®nt aining bioengineer ed sBobtsht ances

122p L.114216( 2 0 1 6 AAAct ty Reauthorize and Amend the National Sea Grant College Program Act, and for
Ot her Pur poses, ” Gomgessuseddthereautlyorizatdnof theNational Sea Grant College Program
Act as a legislative vehicle #nact GE labeling legislatn. The2016 Actamendedthe Agricultural Marketing Act of
1946 (7 U.S.C. 81624t seq) to add théNational Bioengineered Food Disclosure Standahe Standard) as a new
subtitle.

123 For additional information about the 2016 Act and the subsequent USDA regulatioBRSeReport R4618The
National Bioengineered Food Disclosure Standard: Overview and Select Consideragiddsnevige K. Croft

124The 2016 Act definelioengineering7 U.S.C. §1639(1)ith respect to food, as a foddA) that contains genetic

material that has been modified through in vitro recombinant deoxyribonucleic acid (DNA) techniques; and (B) for

which themodification could not otherwise be obtained through conventid br ee di ng oManyf ound in nat
groups interpret the Standard as not applying to foods derived from gene editing and other new technologies that do not
use recombinant DNA.

125The Standat applies tdoods subject to the Federal Meat Inspection Act (21 U.S.C. 8601 et seq.), the Poultry
Products Inspection Act (21 U.S.C. 8451 et seq.), or the Egg Products Inspection Act (21 U.S.C. 8103 batysiq.)

the most predominant ingredient dfetfood (or the seconmost predominant ingredient if the first is water or broth)

would independently be subject to labeling requirements of the Federal Food, Drug, and Cosmetic Act (ZBQ1S.C.

et seq.).

126 The Standard definesvery small food manutdureras having annual receipts under $2,500 (7 C$6R.1).
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proponents and opponents of mandaadbotvhteGE [ abelii
Sandar 6GE( sNa@dGELa b e’l)i ng

Vol untkabgPrmgr a ms

Voluntary labeling programs thatt bhSdteanntdiafryd t he a
Onpackage symbols fromrihwaeatse progaamsanddpuabtect
foods do not contain GE itnhger eadbisecenntcse. oTfh eGE nfaoyo des
ingredientshdifoeodl go¢esradiemmditrac deth IGIEo ¢ d g

was prodoaecrdi sgstenddiaxdslgiedhet ic engineering). F
and manufacturers may choose to optThen tNont hes e
GMO Projectli ¥aur iefxiaenpprliewe bofe ,a voluntary labeling |
certifies the absence 26Ex aGfp Ifeoso dosf ovro Ifuonotda riyn glraet
thiandicecthyg yabsence of GE doonat meoelUa&@®éod ingred:
NOBnd Gl bbal Or ganié® Textile Standard

Biotechnology and Global Trad

Di s pagrlotbadws, consumer accepwanbereaspdclegal age.
biotechnol ogyhawmed gilaosk acgdr ¢ d dd s & oonbajdernndsi v e s
selepcotleidcy issuearcellevadBsttd breddw.

U.S. Tradea©OHj¥rbtideedgreements
The United States is th¥adé¢amankgetcudddeans off oo fadg

biotechnology products®iTheas ecmopgetWdSesstabdtisoh
common framework for ,GEasa pweelaltaabheg ianngd pardaocpttiicoens
consistent withaUmSnigeiddelkigmdatoaord procedures
agricultu®hh ortbduddeaptunomief , GE c¥0ops has been

27This program considers GE presence of less than 0.9% of t 1
for human or pet use that are either ingested or topically appliedincloding dr ugs and homeopathic re:
be below it s “thatis, praductswith Gk contentlbeldwthisthresholdare compliant with the

program. See No:&MO Project Non-GMO Project Standard (Version 1@)ecember 30, 2020.

128Formoreinformai on on certified organic production, see USDA, A M|
https://mmw.ams.usda.goatboutamsprogramsofficeshationatorganiecprogram andCRS In Focus IF10278).S.

Farm Policy: Certified Organic Agricultural Productiqiy Renée JohnsoRor more information on the Global

Organic Textile Standard, see Gl ob htips/Qoebglstandardorghe xt i 1 e St anda
standard

129 For more information on biotechnapin agricultural trade, see al&RS Report R46653ajor Agricultural
Trade Issues in the 117th Congressordinated by Anita Regmi

130|SAAA, Global Status of Commercialized Biotech/GM Crops: 2@8cutive Summary.

181gee U.S. Trade Representative (USTR)21 Trade Policy Agenda and 2020 Annual Repdarch 2021; and
USTR, 2020 National Trade Estimate Report on Foreign Trade Barribtarch 2020.

132 The United States seeks harmonization consistithtthe Codex Alimentarius Commission guidelines available at

FAO, “Annex 3: Food Saf et ylLevelRresansemfeRecombinaDNARlantiMaterialinn s o f Lo w
F o o d Guidelinafor the Conduct of Food Safety Assessment of Food DeriveiRéoombinanrDNA Plants

CAC/GL 452003

133 For a review of restrictions on GE organisms in other countries, see Law Library of Congress, Global Legal
Research CenteRestrictiors on Genetically Modified Organismilarch 2014.
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Sevdmdalr tataidenalgr eements include provisions 71el
Thepreoviayodfdocms on improving transparency and
bringing such prlodMecxtiGeaot ®d ana Agkreet e)melthter ( S M@A ] e ,
was tHlieekitgtde agirceleanmdeentpr ovisions addressing e
wighnome aendlt hiewmg genetic e¥dinnaanitrhghtimalmipd ¢c¢ s
made commitments relatedtheo-UhgSniac Plhtawsrea IOnbei o treacd
agrecihPastpintce et s edtion to biotec hen oalgorgeye nteonntcse r n
s otheave qusesmel om@ummprliiecasnk € ovE ¢ méfa itnhes e trade

agreedMamy differences ,remal werlobobteh negotiated

Standaddsbdwerl Presence of GE Materia

There are na eicnotgenrinzactdi ssntaalnldyar ds for what amount
be per mi4GEe d ommomo h i es . In the amlhwndngde veh thter
increasing gl obiad disviudrucailn gc ooufn tfroioeds ar e establis
vangi thresholds. The biotechnology idedldewktry an
of consistent, scientifically s ound¥SeS@toawsndar ds ¢
Level Presenc’abofteGE Material

Treat mGmhodmdi ting

Countries haveecibsesgfilenhow #tddregualdathe agricultur a
genome, edntdinheir appFoaxadmpl ch,a vien v2akklie,d . Ar gen't
first country to determi-aditddtpianwoubtddanotite
regulationshanlobtEemeiromd uldNA %Sn n2e0e2Uh,S . p Iraengtu.l at i on
havar gel g ¢ge xwempitt ed plants fr oMlint sc oGiEe rpalsatn,t tr e g
Eur opean Coruulte d fi nJ usutliyce2 018 that in principle,

134USTR, Chapter 3, 8B iAgreement between the United States of America, the United Mexican States, and Canada
7/1/20 Textathttps://ustr.gowtade agreenentsfree-tradeagreementshitedstatesmexicocanadaagreement/
agreemenrtbetween

135USTR, Chapter 3ilEconomic and Trade Agreement Between the Government of the United States of America and
the Government of t he atRtps/jstrgaddsuntResrpgiomséhin&mongbliatévwan/n a
peoplesrepublicchinaphaseonetradeagreementéxt

136 see, for exmple, Letter from 192 farm groupsto President Trump, June 16, 2020, available at
https:/immww.profarmer.consystemfiles/inline-files/ChinaLetterPhasel.pdfetter from Sen. Ron Wyden, ranking

member of the Senate Committee on Finance, to President Trump, October 30, 2020. See also, Inside U.S. Trade,
“Grassley: LighthizePrepared td akeEnforcemen®ctionon USMCA World Trade OnlingNovember 3, 2020.

137 see, brexample, Foreign Agricultural Servidgnited Kingdom: Agricultural Biotechnology Annu@AIN Report
UK2019-0013 April 9, 2020. Thisequired annual report isno longer available on the USDA website.

138 gee, for example, Global Alliance for Ag BioteEhr a d e L e“vLeolw P r &tspd/mww.gaabt.orggbiotech
andtradelow-levelpresence a n d C Adventitious Rresente (AP) or LowLevel Presence (LLR)ctheet at
https://croplife.orghp-contentiploadspdf_filesFactSheetAdventitiousPresencer-Low-LevelPresence.pdf

139For a 2020 smmary of global approachesto genome editing in agriculture, see Sarah M. Schmidt, Melinda Belisle,
and Wolf B. Fr omer , “The Evolving LaikMBOReporsMayd®d und Gen o me E
2020. See also GenetiameLiEtddé t d g Re g phttpst/crispricadbditingrdgs Ge, ” a't
tracker.geneticliteracyproject.arg

140 Ministry of Agriculture, Livestock, and Fisheries of ArgentiRasolution No. 173/201%ay 12, 2015.

141 For additional information, se@RS In Focus IF11573) SDAds SECURE Rule to Regulate Agri
Biotechnology
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editing and similar prosesxestang GMBHicagthat s e
the writingn oNew hZiesa |reedpdof retd,e iiomds are regulated
as ot hergt lGE diosw mritser ty hreewgi unltgar tecart yne nt o f genome e dit
N B T3

GE Labeling Policies

Trade negotiagioansl tcwmale rbniiontge cahnol ogy may also
More than 60 count iGiEed ab € § B*Tphde. sseo nceo uf motrrm eosf 1 n ¢ |
EUc oun,t rAuesst r al i a, Brazil, darhd.na@duweRrtsrsiicas, tShaaud id c
ragre GE food labeling iAfclivdei GamadaditMadi Sopt
America. Differ emderdeiquugiirs etnheoomoesnngto it ahees r, e quir e it
including in the types of ffoo@B ctohnatte nmu satb obvee lva
foods must be labeled, and the manner 1in which
t heir requirement s for standards, testing, cert
from the United iSnt acteemp Imuasntc eb ewiltalb etllead r e qui r e me
Similarly, Uu. S. i mp bceotneprlsi aamrcee roefs pgchresirblgom ofdesr wi
“‘Mandat ory INabteiloinnagl: Bibengineer &d* WUSobAd Disclosu
notified tbrdrdarQuelgea ntiz att h omWd WISODA has stated t h:
expteh¢ Stondldsdupt*®foreign trade.

Cartagena Protocol on Biosafety

Th€CGartagenanPBiodsoaanr weanoi Bithoel o gi c al Diversity i
international agreement relating to the safe ha
The United States 1s mnot a;tphusnmyto tt oa tphaer tCy ntvoe nttl
protldawd v ehre, parsottoc ol affects U.tShe elknpiotretds Sttoa trea
has actively participated as an observer in r1el
implementation.

The pradoptoeldt oak2666 in 2003, and more than 17(
ifTlhe prwmaermomiotls aquoonatfeogrmel fpomorc ommttirfiiecsa teix@m 1
biotech lseaddsg anodi fi ednoecgdadsier (LMOsdduction
envir oImeenqtu.i r es that shipments of products that

142 For additional information, see European Court of Justizganisms ®@tained byMutagenesis are GMOs and are,
in Principle, Subject to theObligations laid Down by the GMO Directivepress release, July 25, 2018.

1435ee Food Standards Australia New Zeath Food derived using new breeding techniqueeview ” Apr il 2020, a't
https://immw.foodstandards.gov.aohsumegmfoodP agedReviewof-newbreedingtechnologiesaspx and Food

Standards Australia New Zealariinal Report:Review ofFoodDerived Using NewBreeding TechniquesDecember

2019.

MFor a summary of international laws, seecatCenter for Food ¢
https:/immw.centerforfoodsafety.oisguesd76he-foodlabelinginternationallabelinglaws T his summary may not be
comprehensive.

145The lbeling standard does not require refined products derived from bioengineered crops (e.g., refined soy oil,
high-fructose corn syrup) to be labeled if the modified genetic material is not detectable in the food product.

146 YsDA, AMS “BE Frequently Asked Qestions—General; athttps://www.ams.usda.gowlesregulationstefaq/

general See also 7 U.S.C. 81639c(a), a provision in the act that statessubchapter shall kepplied in a manner

consistent with United States obligations under international agreethents.

147 The Cartagena Protocol on Biosafety definkgiag modified organism sany living organism that possesses a

novel combination of genetic material obtainbtbught h e use of moder n briodethec hnol ogy. ” 1Tt
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grains, be appropriately labeled and documented
for the exchange of LMO isn.f offlnda 6@ o ks ,tfavbrhto s ghrec¢ lae
process for considering more det ailoeddi tiideesn tiinf i ¢
international trade

I ssues for Congress

Biotechnygloepppdratpunitiedfoandgechaehullemges and i1its s
Several pbhveycanyps$ ue e dn drhye, t actotnesnutmeorn rmgarfroeurpss., a n d

In s ome rlkepwddtcy, atmlde roefg ut lhaet ocroyma tjnsgsn wdesc mad ¢
fundamentally mnew or different2QfcraBast.hhe, bcot ¢tah
issuencmemgnsoirnmtpance as the industmrpdmdobmges, tec
standing regulatorAysedsoetsonakt petwefivprank .is s ue
Congress has passseldat oon magl atoinsg deeo , s bmgi of th
choose to exercise its oversight responsibiliti
Efficahy &€bordinated Fr amework

Led by OSTP, the federal gover nment hka so vreervi s it
t he year sEascilnctei mMe9,8 6t.he feder al gover nment has (
legislation is sufficient to address the regula
clarified the roles and r e sipnotnesripbrieltie d etsh roofu gUS Ds
policies and regulations. The agencies have upd
as new 1ssues have arisen, largely in consultat
regulation of ttehceh mporleogguideass,v o s m g hivt of biotechno
agricult wmmall larbienhalnsg, foods whadherebopllcenged tthhii
coordspyated. Congrexsxermagpechoesovieod sight, appr o
athtor ities with respect to these concerns.
Regulation of New Technologies and Ne
The devel opment and rapid adoption of genome ed
regulatory system. S canmhed heghsgchme ¢ s d it bhaenw gc unrorteendt tnhe
technology of concemnlesadient nt whmitghvasmed e meé a t s
c hald etnhgee U. S . rePiWNleavt aryypessy otfemr aits introduce:q
and amigfetless ent regulart oe ymhagmdemsgttigoonn of st acked
vari(eitpdeasnt varietGEes p wig hl mhndltyphke suder eas &GEa n ¢
varietiinesertsheactt with the regulatory authorities
agenGEetrait si mphaotv ecdo mfuearr i tional qumbntiads and
stress (eighltsdromahltongne existing regulatory p

biotechnologyp s “t he application of (a) In vitro nucleic acid tech
(DNA) and direct injection of nucleic acid into cells or organelles, or ¢sjdn of cells beyond the taxonomic family,

that overcome natural physiological reproductive or recombination barriers and that are not techniques used in
traditional breeding and selection.” UN CartagemaRrotacoln on Bi odi
on Biodiversity January 19, 2000.

148 gee, for example, NASEMsuture Products of Biotechnologg017.
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GE aModaGELabeling

I mplementation of the Ptcshkdzeddi whiohureqafr mes
f ooidss ,expaefcffeedt t@monsumers, food producdsrs, procc
AMSas the federal agencAs oivep locaneeimntga cidnepdlse, m eqnut east ti

remain regarding stakeholder reactions to the s
mar ket demand for bioengineered versus mnonbioen
international tradensSomgahadwegrsii@Me dl]ogfly enlsatm g
as well as consumer demand £49Cro ntghreesses Imaby lcshd ms «
monitor tsheilSpglasmjydeaarsdawe bh aisn raeclcaotredda nicses uweist,h it
respandgebil

Gl obal Chbmadea ns

Globally, countries have different policies, r1e
biotechnology. Differences in the definition an
tolerance levels fGdra kelmmogd irteyqnsdhricepzemrttissia,d $ @ ¢ S

global tr&dd&.conedppmwartksecty access for biotechnol

Various Dbilateral and multilateral trade agreem
include obgiyo tpercobviesli ons and commitments. Some hayv
some countries with tchoen gtreersose ncoaflhdbtdthheesre taog rgereammetn
Trade PromotiomedAuthweibyanohthe direotvert to a
GE products in®™trade negotiations

Environmental Concerns

As mnoted above, tdhesdwdlamtti ovne eadfs ,h eersbpiecciidael 1 y t h
glyphosate, is a growing concern. As herbicide
cowled increased reliance on herbicides that are
dicamb4 D). Biotechnology companies have engine:
to theseandamrbfeaiidwkvehal-thbéebanaisdtearfaknetdo ar e
51ngle variety. The environmental effects of th
ot he h e rrbaiicsied eesn vmiaryon ment al agueotmpams efSor polic
commer011aallnlvtmer1mdwes

M9ge¢ e, for example, C. DGMO’ uMa8flyanEndangereaecies? Thd Hill, Junk B, ° No n
2019, athttps://thehill.comdpinionenergyenvironmen#47026is-thenongmo-butterfly-an-endangeredpecies

150 For information on Trade Promotion Authorityes2RS In Focus IF10038rade Promotion Authority (TPApy

lan F. Fergussan
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Appendix A, Acr o ny ms

AHPA
AMS
APHIS
ARS
BRS
Bt
bST
CRISPR
EPA
EPIA
ERS
FAO
FDA
FFDCA
FIFRA
FMIA
GE
GMO
GRAS
HT
ISAAA
LLP
LMO
NASEM
NBT
OSTP
PHSA
PPA
PPIA
PIP
rbST
RNA
RNA.I
TALEN
TSCA
USDA
VSTA
WHO
WTO
ZFN

Animal Health Protection Act

Agricultural Marketing Service of USDA

Animal and Plant Health Inspection Service of USDA
Agricultural Research Service of USDA

Biotechnology Regulatory Service of APHIS

Bacillus thuringiensisbacterium with pesticidal properties
Bovinesomatotropin, alscknown asbovine growth hormone
Clustered regularly interspaceshort palindromic repeatsa genome editing technique
U.S. Environmental ProtectioAgency

Egg Products Inspection Act

Economic Research Service of USDA

Food and Agriculture Organization of the United Nations

U.S. Food and Drug Administration

Federal Food, Drug, and Cosmetic Act

Federal Insecticide, Fungicide, and Rodenticide Act

Federal Meat Inspection Act

Genetically engineered

Genetically modified organism

Generally recognized as safe

Herbicide tolerant

International Service for the Acquisitioof Agri-biotech Applications
Low-level presence

Living modified organism

National Academies of Sciences, Engineering, and Medicine
New breeding technique

Office of Science and Technology Policy of Erxeecutive Office of th&resident
Public Health Safety Act

Plant Protection Act

Poultry Products Inspection Act

Plantincorporated protectant, a GE pesticide
Recombinant bovine somatotropin

Ribonucleic acid

RNA interference

Transcription activatoflike effector nucleasea genome editing tool
Toxic Substances Control Act

U.S. Department of Agriculture

VirusSerumToxin Act

World Health Organization of the United Nations

World Trade Organization

Zinc finger nuclease, a genome editing too

Congressional Research Senice

39



Agricultural Biotechnology: Overview, Regulation, and Selected Policy Issues

Appendix B.Gl o s vdr $elected Sc

Many termsare used todescrile human alterations gblants and animals. Unless otherwise notéatse definitions

derive fromt h e

Adventitious
presence

Agricultural
biotechnology

Conventional
breeding

DNA
(deoxyribonucleic
acid)

Epigenome

GE labeling

Genetic engineering

Genetic
modification

Genetically
engineered (GE)

Genetically modified
organism (GMO)

Genome

Genome editing

u. sS.

De p ar t noaelinetAgrioufturalARjotechoolodiytGldgsans s

Detection of the unintentional presence of GM crops that have not been approy
in any countries on the basis of a food safety assessment accordihg televant
Codex guideline>?

A range of tools, including traditional breeding techniques, that alter living
organisms, or parts of organisms, to make or modify products; improve plants:
animals; or develop microorganisms for specific agricultural uses. Modern
biotechmlogy includes the tools of genetic engineering.

Undef i ned Agdricultuid Bb#dnsology Glosdaighdefines the similar
term, traditional breeding as omodi fication of pl al
breeding. Praaties used in traditional plant breeding may include aspects of
biotechnology such as tissue cultur

The chemical substance from which genes are madeng, doublestranded
helical molecule made up of nucleotides composed of sugars, phosphates, ant
derivatives of four baseadenine (A), guanine (G), cytosine (C), and thymine (T
The sequence of bagmirs in DNA strands determineds genetic informabn.

The physical factors affecting the expression of genes without affecting the act
DNA sequence of the genonié3

On-package disclosure of genetically enginedi@#)foods or food ingredientd>4

Manipulatorof an organi smds g en esubstitutingprnt r
rearranging specific genes using the methods of modern molecular biology,
particularly those techniques referred to as recombinant DNA techniques.

Theintroduction of heritable improvements in plants or animals for specific use:
via genetic engineering or more traditional methods. Some countries other tha
the United States use this term to refer specifically to genetic engineering.

Produced throughgeneic engineerings>
An organism produced through genetic modification.
All the genetic material in all the chromosomes of a particular organism

Specific modification of the DNA @n organism to create mutations or introduce
new alleles or new gen@gé

151 Available at USDA, Agricultural Biotechnology Glossanathttps//www.usda.gowopicsbiotechnology/

biotechnologyglossary
152FAQ, Technical Consultation on Low Levels of Genetically Modified (GM) Crops in International Food and Feed

Trade Technical Background PaperRC-LLP/2014/3March 2621,2014, p. 5 (hereinafter FADechnical
Consultation on Low Levels of GM Crqx014).

133N ASEM,

154 CRs.
155CRs.
156 NASE M,

“ Ap p e n di xGelgeticallg Engineered Grops’ Experiences and Prospékasonal
Academies Press, 2016 (hereinafter HAE,

“ Ap p Glasshiy’x @enetically Engineered Crop2016)

“Appendi”x Geneticall Engineerced/Crop2016
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Living modified
organism (LMO)

Low -level presence

Marker -assisted
selection

Mutation

Mutation breeding

New breeding
techniques (NBTSs)

Plant pest

Recombinant DNA
(rDNA)

Recombinant DNA
technology

RNA (ribonucleic
acid)

Selective breeding

Traditional breeding

Transgene

A term specific to the Cartagena Protocol on Biosafety to the @ention on
Biological Diversity, defined @y living organism that possesses a novel
combination of genetic material obtaingéhmodern biotechnology>’

The detection of low levels of GM crops that have been approved in atleast on
country on the basis of a food safety assessment according to the relevant Coc
guidelined5s

The use of DNA sequences to determine which selection plantsor organisms t
aparticular version (allele) of existing genes. Markers do not become part of th
plant 89 genome.

Any heritable change in DNAtructure or sequence. The identification and
incorporation of useful mutations has been essential for traditional crop breedir

A plant breeding technique in which radiation or chemical mutagens are used t
produce new genetivariation160

Also known asew breeding technolodi@so NBTs) andew plant breeding
techniques (NPBWhile there is nouniversally agreaghonset of components,
NBTsare generally considered tiaclude (1) techniques hat change
genetic sequence (e.g., genome editing aneiéiseted mutagenesis), and (2)
epigenetic techniques that change when and how an organism expresses cert:
genes, without changing the underlying genetic sequ¥ce.

An organismthat may directly or indirectly cause disease, spoilage, or damage
plants, plant partor processed plant materials. Common examples include cer
insects, mites, nematodes, fungi, molds, viruses, and bacteria.

A molecule of DNA formed by joining different DNA segments using recombina
DNA technology.

Tools, techniques, andpcedures used to join DNA segments in a ckeéie

system (e.g., in a test tube outside living cells or organisohsjler appropriate
conditions, a recombinant DNA molecule can be introduced into a cell and cop
itself (replicate), either as an independent entity (autonomously) or as an integi
part of a cellular chromosome.

A chemical substanageade up of mcleotidecompound of sugars, phosphates,
and derivatives of four baseadenine (A), guanine (G), cytosine (C), and uracil (!
RNAs functionin cells as messengers of information from DNA that are transla
into protein or as molecules thdave certain structural or catalytic functionsin
the synthesis of proteins. RNA is also the carrier of genetic information for cert
viruses. RNAs may be single or double stranded.

Making deliberate crosses or matings of organismghe offspring will have
particular desired characteristics derived from one or both parents.

Modification of plantsand animals through selective breeding. Practices used i
traditional plant breeding may include aspectbiotechnologysuch as tissue
culture and mutational breeding.

Any gene transferred into an organism by genetigineering®2

IUN Convention on

2000.

158 FAQ, Technical Consultation on Low Levels of GM Crop814, p. 5.

I9NASEM,
160 CRs,
161 CRsS,
12N ASE M,

“ Ap p e n di xGefieticalg Engineecred Grop2016i n
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Transgenic event A uniqueinsertion of a transgene into a genolfe

Transgenic An organism resulting from thiasertion of genetic material from another

organism organism using recombinant DNA techniques.

Variety A subdivision of a species for taxonomic classification also referred to as a
ocultivar.o6 A variety is a group of

distinct genetically from other groups of individuals in the same species.
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